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TRC MEETING AGENDA
September 30, 1993

• 8:30 - 9:00 GET ACQUAINTED, COFFEE/DONUTS

• 9~- 9:10 MEETING INTRODUCTION ~AS~
\8

~'(the

• 9:10-9:26- WELCOME BY DEPUTY BASE
COMMANDER, CAPTAIN NORTON

\5 ~()

• 9:W-- 9:36 HISTORY OF INSTALLATION NAVBASE
RESTORATION PROGRAM AND ~DAV',d Fo~'fr-he

CAMP ALLEN LANDFILL AT
NAVALBASE,NORFOLK

• 9:30 - 10: 15 SUMMARY OF RI FIELD ACTIVITIES BAKER
-r; "-\, AA'MC<-f\

• 10:15 - 10:30 BREAK

• 10:30 - 11:15 SUMMARY OF RI RESULTS BAKER

• 11:15 - 12:00 QUESTIONS AND ANSWERS



• 12:00 - 1:00

• 1:00 - 2:00

• 2:00 - 3:00

• 3:00 - 4:00

TRC MEETING AGENDA
September 30, 1993

(continued)

LUNCH

WINDSHIELD TOUR OF CAMP ALLEN
LANDFILL

SUMMARY OF BASELINE RISK
ASSESSMENT

QUESTIONS AND ANSWERS

BAKER



TRe MEETING AGENDA
October 1, 1993

• 9:00 - 9:30 REVIEW OF PREVIOUS DAY BAKER
SUMMARIES

• 9:30 - 9:45 AREA B REMOVAL ACTION OVERVIEW BAKER

• 9:45 - 11:15 SUMMARY OF FS RESULTS BAKER

• 11:15 - 12:00 PLANNED PREDESIGN AND REMEDIAL BAKER
DESIGN ACTIVITIES

• 12:00 - 1:00 LUNCH

• 1:00 - 3:00 QUESTIONS, ANSWERS, and
CLOSING COMMENTS



SUMMARY OF RI FIELD ACTIVITIES



CAMP ALLEN LANDFILL
AREA A AND AREA B

HISTORICAL OVERVIEW

• Historical Land Use Information

• Original Bousch Creek Drainage Pattern

• Development of the Area

• "General Waste" Incineration
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CAMP ALLEN LANDFILL
AREA A

PREVIOUS INVESTIGATIONS

• Initial Assessment Study, 1983 (Malcolm Pirnie)

• Waste Disposal from 1940's to 1974 (45 acres)-

• - 40,000 pounds of metals plating sludge

• - 60,000 pounds of parts cleaning sludge

• - 400,000 pounds of paint stripping residue

• Miscellaneous waste (Demo debris, flyash, etc.)



CAMP ALLEN LANDFILL
AREA A

PREVIOUS INVESTIGATIONS

• Brig Assessment, 1984 (Malcolm Pirnie)

• 11 shallow monitoring wells

• Elevated volatile organics - B-20W

• Nine gas monitoring stations

• Elevated methane/gas concentrations - B-8
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CAMP ALLEN LANDFILL
AREA A

PREVIOUS INVESTIGATIONS

• Initial Remedial Investigation, 1988 (Malcolm Pirnie)

• Three shallow monitoring wells

• Three surface water samples

• Confirmed volatile organic contamination at B-20W

• Metal concentrations (SW & GW)
' ''ltffi v:= Gf-ll~O
\)J"",lt- ::,)f"1'~
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CAMP ALLEN LANDFILL
AREA A

PREVIOUS INVESTIGATIONS

• Follow-up Remedial Investigation, 1990/1991 (CH2M Hill)

• Eight surface water/sediment samples

• Nine shallow monitoring wells; and six deep monitoring well

• 55 Residential well shallow groundwater samples

• 21 shallow/deep groundwater samples
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CAMP ALLEN LANDFILL
AREA A

PREVIOUS INVESTIGATIONS

- --

• Follow-up Remedial Investigation, 199011991 (CH2M Hill) Results:

~ Volatile organic contamination in the shallow groundwater near B-20W

~ Volatile organic contamination in the deep groundwater downgradient

~ Four residential well samples - detectable amounts of volatile
organics which DO NOT appear to be related to Area A

~ Metals in surface water and sediment samples - northern Area A

------ VDm T f\. .
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CAMP ALLEN LANDFILL
AREAB

PREVIOUS INVESTIGATIONS

• Initial Assessment Study, 1983 (Malcolm Pirnie)

• Area B - 1971 Salvage Yard Fire Waste Disposal (2 acres)

• Variable wastes: waste oils, solvents, paints, acids, caustics

• Trench-type disposal operations



CAMP ALLEN LANDFILL
AREAB

PREVIOUS INVESTIGATIONS

• Initial Remedial Investigation, 1988 (Malcolm Pirnie)

• Three shallow monitoring wells

• Surface water samples

• Volatile organic contamination at GW-04 and adjacent surface water
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CAMP ALLEN LANDFILL
AREAB

PREVIOUS INVESTIGATIONS

• Follow-up Remedial Investigation, 1990/1991 (CH2M Hill)

• Soil gas survey

• Eight shallow monitoring wells and three deep monitoring wells

• Four surface water and sediment samples



CAMP ALLEN LANDFILL
AREAB

PREVIOUS INVESTIGATIONS

• Follow-up Remedial Investigation, 1990/1991 (CH2M Hill) Results:

~ Soil Gas delineated primary waste disposal areas

~ Volatile organic contamination in downgradient shallow groundwater
( w -f )

~ Volatile organic contamination in all three deep wells
(breach of confining clay unit)

~ Elevated volatile organic concentrations in surface water and sediment
samples
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CAMP ALLEN LANDFILL
RI/FS ACTIVITIES (1992-1993)

BAKER ENVIRONMENTAL, INC.

• Summary of RIIFS Project Plans

Work Plan, Sampling and Analysis Plan, Quality Assurance Project
Plan, and Health & Safety Plan (Rounds 1 and 2)

Project Plan Addendum (Round 3)

Air Sampling Program Project Plan Addendum (Round 3)

Additional Wetland/Ecological Evaluation, Scope of Work and
Attachments (Round 3)



CAMP ALLEN LANDFILL
RIfFS ACTIVITIES (1992-1993)

BAKER ENVIRONMENTAL, INC.

• Summary of RI Field Activities

Round 1 - non-intrusive testing and field verification sampling

Round 2 - comprehensive sampling of subsurface soil, surface soil,
sediment, surface water , and groundwater

Round 3 - fill data gaps identified during preliminary evaluation of
data from previous rounds



CAMP ALLEN LANDFILL
RIfFS ACTIVITIES (1992-1993)

• Area A RI Activities

Geophysical Survey (EM, Resistivity, and Gamma)

~ Monitoring Well Installation
• Ten in the Yorktown Aquifer;,~-- _
• One in the water table aquifer; )

"t;;\' (' -. One, 4-inch pumping well in the Yorktown Aquifere'Ml'ciP- ( 3 :0 LDvo ~rt-,.rr>.. ,. 1or V , '

• One, 2-inch piezometer in the Yorktown Aquifer

11 Geologic Borings

Source Characterization (nine subsurface soil samples)

Five Surface Soil Samples



CAMP ALLEN LANDFILL
RIfFS ACTIVITIES (1992-1993)

• Area A RI Activities (continued)

11 Surface Water Samples

31 Sediment Samples

Two Additional Residential Well Groundwater Samples

Groundwater Sampling (three separate rounds)

Aquifer Testing (pumping test/slug test [10 wells])



CAMP ALLEN LANDFILL
RIfFS ACTIVITIES (1992-1993)

• Area A RI Activities (continued)

Air Sampling

• 12 locations in the Brig Facility
• Five Ambient Air locations

Ecological Evaluation (Aquatic and Terrestrial)

Land Surveying



CAMP ALLEN LANDFILL
RIfFS ACTIVITIES (1992-1993)

• Area B RI Activities

Geophysical Survey (EM and GPR)

In-situ Groundwater Sampling (water table aquifer)
l-\'i <1<. f"""C"

Monitoring Well Installation
• Four in the Yorktown Aquifer
• Eight in the water table aquifer

Source Characterization (ten subsurface soil samples)

Eight Surface Soil Samples
3 s <>--rk 5 reyu. 6 h .J- 6(J a» ~ ("sf "'TF?-G Mtt'



CAMP ALLEN LANDFILL
RIfFS ACTIVITIES (1992-1993)

• Area B RI Activities (continued)

Five Surface Water Samples

Eight Sediment Samples

Groundwater Sampling (three separate rounds)

Aquifer Testing (slug tests - nine wells)

Air Sampling (Five locations in the Camp Allen Elementary School)

Ecological Evaluation (Aquatic and Terrestrial)

Land Surveying



.- +

.- +

._+

+

+

+

+

+

+

+

+

+

+

+

+

+

+

•

+

+

+

+

+

+

+ +

+

+

•

+

+

+

+

+

aker

• ~~ SOIL ~Pli

SURf'AC[ W"'TO/
~ SlOCNun SANPU

• DC.&nOll

• 'SOIl BOAlhG lOC.4nQtt

+

+

REMEDIAL INVESTIGATION
SAMPLING POINTS

NORFOLK NAVAL BASE
NORFOLK, VIRGINIA

•

•

+

+

+

+

•

+

+

.- + + -, + •

.- + + \ ." (1 + I + ., •
\- • ,

\
,

\. • ./

. - + \+ +~
+

\ .
\,~ · 0 . I

+~ .
.- . ' ....~ . ... .. IJ. + +....~____J

I~ ....... -"""'"•
+

! I ';0.'" T r r
I .....-R-

•_+

._+

._+

._+



lIllIIlIl

.. ..d ••T111
n.ow DlIIEClIOII

,., 'ClUlt-INCH
l:J PUaIPlHQ WELL

~ PlE2OO1tT111

.~=':NC"'"
..... GlOLOClCAl. IOIING
'IV lOCATION

+

+

~
+ - ••IJ/fl. #I

+ f+ IIlakW EftW

REMEDIAL INVESTIGATION
SAMPLING POINTS

NORFOLK NAVAL BASE
NORFOLK, VIRGINIA

+

+

+

+

+

+

+

+

+

,.

++

+

-

+

+

l "' w.l i T T.....-

-
+

+

...---_,- ----.-aJ
-- V-.....4 + + ..

""

+

+

..

+

+

•

+

+

•

+

+

+

•

•

+

+

+

+$

+

+

+

__ ·to

•_+

•_+

• ..", +

. - +

.- +

. - +

._+

._+

._+

._+

._+



.- +

.- +

+

+

+

+ +

+

+

•

+

+

+ +

+

+

+

+

WifIIIl
......... su,..-.-.a: WATDt..,..... now DlRE.CT1ot1

iii 2ttl'lO +

.- +

._+

...... +

.......

+

+

+

+ +

! o;. wJ T T......- T
+

+

aker

REMEDIAL INVESTIGATION
SAMPLING POINTS

NORFOLK NAVAL BASE
NORFOLK. VIRGINIA



SUMMARY OF RI RESULTS



CAMP ALLEN LANDFILL
RI/FS ACTIVITIES (1992-1993)

• Physical Site Conditions

Site lithology

• Unconsolidated sediments (Columbia Group) and fill to
- 25 feet bgs

• "Confining clay" unit at
- 25-40 feet bgs

• Unconsolidated sediments (Yorktown Formation) at
- 40-130 feet bgs

"Clay breach" confirmed by geophysics and boring logs

Disposal areas (A and B) were delineated/profiled
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CAMP ALLEN LANDFILL
RIfFS ACTIVITIES (1992-1993)

• Physical Site Conditions (continued)

Water table aquifer - unconfined, average water level of six feet bgs

Shallow groundwater flow - follows site topography towards
discharge areas (radial at Area A and southeast at Area B)

Yorktown Aquifer - semi-confined aquifer system

Deep groundwater flow - primarily to the northwest with localized
fluctuations
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CAMP ALLEN LANDFILL
RI/FS ACTIVITIES (1992-1993)

• Physical Site Condition (continued)

Potential Off-site Sources of Contamination _
VM"l'") _ u S I..>

Camp Allen Area Utility Services (Areas A and B)

Pumping Well Inventory - Sheller Globe Wells, MCA600 Well, and
Residential Wells

Surface Water Features (drainage ditches and wetlands)

Ecological Features (aquatic and terrestrial)
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FIGURE 4-21
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FIGURE 4-22
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FIGURE 4-23
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FIGURE 2-2
SURFACE DRAINAGE MAP

CAMP ALLE N LANDFILL AREAS A & B
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NORFOLK, VIRGINIA
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FIGURE 2-7
WETLAND LOCATION MAP

CAMP ALLEN LANDFILL
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CAMP ALLEN LANDFILL
RIfFS ACTIVITIES (1992-1993)

• Overview of Area A RI Results

Source Characterization results confirm volatile organic compounds
detected in groundwater (two potential source areas - AllA2)

Soil Sample results revealed nominal findings

Surface water and sediment samples collected at Area A identified
volatile organic concentrations at the northeastern border of Area A.
("above-background" metal concentrations and to a lesser extent
pesticides were detected throughout the drainage area.

Air Sample results revealed nominal findings



CAMP ALLEN LANDFILL
RIfFS ACTIVITIES (1992-1993)

• Overview of Area A RI Results (continued)

Shallow groundwater monitoring results indicate two areas of volatile
organic contamination (A1fA2)

Primary constituents include vinyl chloride, TCE, DCE and DCA

Contaminated shallow groundwater "contained" in Area A

Residential Well Sampling revealed no site related contaminants

Detected inorganic constituents do not appear to be site related
contaminants



CAMP ALLEN LANDFILL
RIfFS ACTIVITIES (1992-1993)

• Overview of Area A RI Results (continued)

Deep groundwater monitoring results indicate two areas of volatile
organic contamination (AllA2)

Primary constituents include vinyl chloride, TCE, DCE and DCA

Deep groundwater contamination appears to be limited to upper
portion of Yorktown Aquifer

Detected inorganic constituents do not appear to be site related
contaminants



CAMP ALLEN LANDFILL
RIfFS ACTIVITIES (1992-1993)

• Overview of Area B RI Results

Source Characterization results further define waste disposal areas,
volatile organics are the primary contaminants

Soil Sample results revealed nominal findings

Surface water and sediment samples collected at Area B identified
volatile organic concentrations in the ponded area. ("above
background II metal concentrations and to a lesser extent pesticides
were detected.

Air Sample results revealed nominal findings



CAMP ALLEN LANDFILL
RIfFS ACTIVITIES (1992-1993)

• Overview of Area B RI Results (continued)

In-situ groundwater sampling and shallow groundwater monitoring
results indicate volatile organic contaminants are following
groundwater flow and preferred pathways to the southeast/southwest

Primary constituents include vinyl chloride, TCE, DCE and DCA

Detected inorganic constituents do not appear to be site related
contaminants



CAMP ALLEN LANDFILL
RIfFS ACTIVITIES (1992-1993)

• Overview of Area B RI Results (continued)

Deep groundwater monitoring results indicate volatile orgaruc
contamination beneath Area B

Primary constituents include vinyl chloride, TCE, DCE and DCA

Detected inorganic constituents do not appear to be site related
contaminants
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FIGURE 6- 3
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SUMMARY OF BASELINE RISK
ASSESSMENT RESULTS



CAMP ALLEN LANDFILL
BASELINE RISK ASSESSMENT

• Introduction

• Identification of Chemicals of Potential Concern

• Exposure assessment

• Toxicity Assessment

• Risk Characterization

Human Health

Ecological

• Summary of Risk Assessment Results
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CAMP ALLEN LANDFILL
BASELINE RISK ASSESSMENT

Identification of Potential Chemicals of Concern

• Identification Criteria:

Site History

Chemical Prevalence

Comparison to Literature Background Concentrations

Comparison to State & Federal Regulatory Criteria

Comparison to USEPA Region III Risk Based Concentrations



Area A

Groundwater

Benzene
1,2-Dichloroethene

1,2-Dichloroethane

Tetrachloroethene

Trichloroethene

Vinyl Chloride

Xylenes (total)
Arsenic

Beryllium

Cadmium

Chromium

Copper

Lead

Mercury

Nickel

Zinc

Residential Area

Groundwater

Tetrachloroethene

1,2-Dichloroethane

Surface Water

1,2-Dichloroethene
Trichloroethene

Xylenes (total)

Arsenic

Mercury

Nickel

Sediment

Chlorobenzene
Carbon disulfide

Aroclor-1260

Arsenic

Cadmium

Chromium

Lead
Mercury

Silver

Surface Soil

Aroclor-1260
Arsenic

Cadmium

Lead

Zinc



AreaB

Groundwater

Benzene
1,2-Dichloroethene

1.2-Dichloroethane

Trichloroethene

Vinyl Chloride

Xylenes (total)

Antimony
Beryllium

Cadmium

Chromium

Lead

Nickel

Zinc

Surface Water

Benzene
1.2-Dichloroethene

Trichloroethene

Vinyl Chloride

Manganese

Arsenic

Iron

Sediment

Benzene
1.2-Dichloroethene

1,2-Dichloroethane

Trichloroethene

Vinyl Chloride

Lead

Arsenic
Cadmium

Copper

Mercury

Silver

Zinc

Surface Soil

Aroclor-1260
Cadmium

Lead



CAMP ALLEN LANDFILL
BASELINE RISK ASSESSMENT

Exposure Assessment

• Area A

Current Potential Exposure Pathways

Future Potential Exposure Pathways

• Area B

Current Potential Exposure Pathways

Future Potential Exposure Pathways



CONCEPTUAL SITEMODEL
CAMPALLEN LANDFILL · AREA A

NORFOLK NAVAL BASE, NORFOLK, VIRGINIA

AnsA
Path

Seconder
Release

Mechanisms
Sc<:ondarJ
500"..

Primar1
Release

Mechanisms
Prlm8J"]'
Soura "'7

Exp""''' Brlg Brlg Local Loco! R~dtntlal Residential
Ro,'" Prlsontn Employees ChDdrtn Adults Adults Children

Do'"Vol. lUe AI. I-.- JnhaJadollEmissions

Ingestion G @ 0 0
~ SoIl • Dermal

~
Stormwaler

I- Contad C') e 0 0
Runoff

Surface

I
IngtslloD

I I
@

I
@

I
@

I
0

I
0

I
Landnn f- Water &: .

Sediment Duma) e ~ @ 0 0Contact

~ Leaching 1+ Ground-
IngtSllon G @ 0 0

~ water
0.nnA!

~ @ 0 0Coo""

i.<unlI

E) Cur~nt potentJal oJH)5Urt Volalll e ~I Sho..en ~11"h~'UOO I I I I I 0 I 0 IEmissions

o Future potential expesore



CONCEPTUALSITE MODEL
CAMPALLEN LANDFll.L - AREAB (PONDANDSCHOOLAREAS)

NORFOLK NAVAL BASE, NORFOLK, VIRGINIA

Primary
Sou rce

Primary
Release

Mechan isms
Sc<:ondarl

Sources

Seconds,!
Release

Meehsnfsms Pathway

AreaB

0.'"
Volatile Air ---. Inh.Jadon• Emissions •

IngtStJon " C) ~ 0 0
~ SolI

Stormwlll er
Dtrmal e e G> 0 0... .. Conbld

Runoff

Surraa JngestJoD e @) @) 0 0Landfill
~ Water &

Sediment • D..mol @) €} E) 0 0Contad

... ~!.tadllng
Ground .

Ingestion 0 0
~ water . Dermal

Contad 0 0

LwDJI Volatile ~I Showe" H Inhol_Uon I I I I 0 I 0 ICurrent potentJal exposure Emissions

o Futu re poten tial exposure
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EXPOSURE UNPUTPARAMETERS FOR
LOCAL ADULTS AND CHILDREN POTENTIALLY EXPOSED TO COPCs IN THE

AREA A AND THE RESIDENTIAL AREA ,CAMP ALLEN LANDFILL
NORFOLK NAVAL BASE, NORFOLK, VIRGINIA

Current Receptor

Input Parameter Media Units References

Child Adult

ED, Exposure Duration Sediment year 9 30 Professional Judgment
and USEPA, 1991

Groundwater year 6 30 USEPA,1991

Surface Water year 9 30 Professional Judgment
and USEPA, 1991

EF, Exposure Frequency Sediment day/year 28 7 Professional Judgment
and USEPA, 1988

Groundwater day/year 28 28 Professional Judgment
and USEPA, 1988

Surface Water day/year 28 7 Professional Judgment
and USEPA, 1988

ET, Exposure Time Surface Water hour/day 2.6 2.6 USEPA,1988

Groundwater hour/day 2.6 1.0 USEPA,1988 and
Professional Judgment

IR, Ingestion Rate Sediment mg/day 100 50 USEPA,1991

Groundwater Llday 0.05 0.05 USEPA,1988

Surface Water Llhour 0.05 0.05 USEPA,1988

SA, Surface Area Sediment cm2 3,820 3,500 USEPA,1992a

Groundwater cm2 8,023 6,350 USEPA, 1992a

Surface Water cm2 3,820 3,500 USEPA,1992a



EXPOSURE INPUT PARAMETERS FOR
LOCAL ADULTS AND CmLDREN POTENTIALLY EXPOSED TO COPCs IN THE

AREA A AND THE RESIDENTIAL AREA ,CAMP ALLEN LANDFILL
NORFOLK NAVAL BASE, NORFOLK, VIRGINIA

Current Receptor

Input Parameter Media Units References

Child Adult

AT, Averaging Time

ATnc. noncarcinogenic Sediment day 3,285 10,950 USEPA,1989a

Groundwater day 2,190 10,950 USEPA, 1989a

Surface Water day 3,285 10,950 USEPA,1989a

ATel carcinogenic All Media day 25,550 25,550 USEPA,1989a

ABS, Absorbance Factor

Organics All media N/A 0.01 0.01 USEPA, 1992c

Inorganics All media N/A 0.001 0.001 USEPA,1992c

AF, Adherence Factor SoillSediment mglcm2 1 1 USEPA,1992c

BW, Body Weight All Media Kg (I) 70 USEPA,1989a

PC, Permeability All Media cmlhr Chemical- Chemical . see CDI calculations,
Constant specific specific AppendixC

References:

USEPA, 1992b. Dermal Exposure Assessment: Principles and Applications - Interim Report.
USEPA,1991. Risk Assessment Guidance for Superfund, Volume I - Human Health Evaluation Manua l
Supplemental Guidance. "Standard Default Exposure Factors." Interim Final.
USEPA, 1989a. Risk Assessment Guidance for Superfund, Volume I - Human Health Evaluation Manual
(Part A) Interim Final.
USEPA, 1989b. Exposure Factors Handbook.

Notes: (1) Child body weights: 1 to 6 years = 15 Kg; 6 to 15 years = 37 K g
NA = Not Applicable



EXPOSUREINPUTPARA~RSFOR

BRIG PRISONERS AND EMPLOYEES POTENTIALLY EXPOSED TO
COPCs IN AREA A, CAMP ALLEN LANDFILL

NORFOLK NAVAL BASE, NORFOLK, VIRGINIA

Current Receptor

Input Parameter Media Units References
Brig Brig

Prisoner Employee

ED, Exposure Duration Sediment year NA 25 Site-specific values

Surface Water year NA 25 Site-specific values

Soil year 2 25 Site-specific values

EF, Exposure Frequency Sediment day/year NA 12 Professional Judgment
and Site-specific values

Surface Water day/year NA 12 Professional Judgment
and Site-specific values

Soil day/year 350 250 USEPA Default
Exposure Factors

ET, Exposure Time Surface Water hour/day NA 2.6 Professional Judgment

m, Ingestion Rate Sediment mg/day NA 50 USEPA.1991

Surface Water lJhour NA 0.05 USEPA, 1989a

Soil mg/day 50 50 USEPA,1989a

SA, Surface Area Sediment cm2 NA 3,500 USEPA,1988

Surface Water cm2 NA 3,500 USEPA,1988

Soil cm2 2,000 2,000 USEPA,1988

AT, Averaging Time

ATnc- noncarcinogenic Sediment day NA 9,125 USEPA,1989a

Surface Water day NA 9,125 USEPA,1989a

Soil day 730 9,125 USEPA, 1989a

ATe, carcinogenic All Media day 25,550 25,550 USEPA, 1989a



EXPOSURE INPUT PARAMETERS FOR
BRIG PRISONERS AND EMPLOYEES POTENTIALLY EXPOSED TO

COPCs IN AREA A, CAMP ALLEN LANDFILL
NORFOLK NAVAL BASE, NORFOLK, VmGINIA

Current Receptor

Input Parameter Media Units References
Brig Brig

Prisoner Employee

ABS, Absorbance Factor

Organics N/A N/A 0,01 0.01 USEPA,1992c

Inorganics N/A N/A 0.001 0.001 USEPA,1992c

AF, Adherence Factor SoillSediment mg/cm 2 1 1 USEPA,1992c

BW, Body Weight All Media Kg 70 70 USEPA, 1989a

PC, Permeability All Media cm!hr Chemical- Chemical- See CDI calculations,
Constant specific specific AppendixC

References:

USEPA,1992b. Dermal Exposure Assessment: Principles and Applications - Interim Report.
USEPA,1991. Risk Assessment Guidance for Superfund, Volume I - Human Health Evaluation Manual
Supplemental Guidance. "Standard Default Exposure Factors." Interim Final.
USEPA, 1989a. Risk Assessment Guidance for Superfund, Volume I - Human Health Evaluation Manual
(Part A) Interim Final.
USEPA, 1989b. Exposure Factors Handbook.
NA = Not Applicable



EXPOSUREUNPUTPARAMETERSFOR
FUTURE RESIDENT CHILDREN AND ADULTS POTENTIALLY

EXPOSED TO COPCs IN AREA A , CAMP ALLEN LANDFILL
NORFOLK NAVAL BASE, NORFOLK, VffiGINIA

Future Receptor

Input Parameter Media Units References

Child Adult

ED, Exposure Duration Sediment year 6 30 USEPA,1991

Groundwater year 6 30 USEPA,1991

Surface Water year 6 30 USEPA,1991

Soil year 6 30 USEPA,1991

Air,Shower year 6 30 USEPA,1991

EF, Exposure Frequency Sediment day/year 137 34 Professional Judgment

Groundwater day/year 350 350 USEPA,1991

Surface Water day/year 137 34 Professional Judgment

Soil day/year 350 350 USEPA,1991

Air,Shower day/year 350 350 USEPA,1991

ET, Exposure Time Surface Water hour/day 2.5 2.5 Professional Judgment

Air, Shower hour/day 0.2 0.2 USEPA,1988

Groundwater hour/day 0.2 0.2 USEPA,1991

IR, Ingestion Rate Sediment mg/day 100 50 Professional Judgment

Groundwater Uday 1 2 USEPA,1991

Surface Water Llhour 0.05 0.05 USEPA,1989a

Soil mg/day 200 100 USEPA,1991

Air,Shower m3/hour 0.6 0.6 USEPA,1989a

SA , Surface Area Sediment cm2 3,820 2,000 USEPA,1992a

Groundwater cm2 8,023 18,150 USEPA,1992a

Surface Water cm2 3,820 2,000 USEPA,1992a

Soil cm2 2,006 5,300 USEPA,1992a



EXPOSURE INPUT PARAMETERS FOR
FUTURE RESIDENT CmLDREN AND ADULTS POTENTIALLY

EXPOSED TO COPCs IN AREA A, CAMP ALLEN LANDFILL
NORFOLK NAVAL BASE, NORFOLK, VIRGINIA

Future Receptor

Input Parameter Media Units References

Child Adult

AT, Averaging Time

ATncs noncarcinogenic Sediment day 2,190 10,950 USEPA, 1989a

Groundwater day 2,190 10,950 USEPA,1989a

Surface Water day 2,190 10,950 USEPA,1989a

Soil day 2,190 10,950 USEPA,1989a

Air,Shower day 2,190 10,950 USEPA,1989a

ATe, carcinogenic All Media day 25,550 25,550 USEPA, 1989a

ABS, Absorbance Factor

Organics All media N/A 0.01 0.01 USEPA, 1992c

Inorganics All media N/A 0.001 0.001 USEPA,1992c

AF, Adherence Factor SoillSediment mg/cm2 1 1 USEPA,1992c

BW, Body Weight All Media Kg (l) 70 USEPA,1989a

PC . Permeability All Media cmlbr Chemical- Chemical- see CDI calculations,
Constant specific specific Appendix C

References:

USEPA, 1992b. Dermal Exposure Assessment: Principles and Applications - Interim Report.
USEPA,1991. Risk Assessment Guidance for Superfund, Volume I - Human Health Evaluation Manual
Supplemental Guidance. "Standard Default Exposure Factors." Interim Final.
USEPA, 1989a. Risk Assessment Guidance for Superfund, Volume I - Human Health Evaluation Manual
(Par t A) Interim Final.
USEPA,1989b. Exposure Factors Handbook.

Notes: ( 1) Child body weights: 1 to 6 years = 15 Kg; 6 to 15 years = 37 Kg
NA = Not Appli cable



EXPOSUREUNPUTPARAMETERSFOR
LOCAL CHILDREN AND ADULTS POTENTIALLY EXPOSED TO

COPCs IN AREA B · ELEMENTARY SCHOOL
CAMP ALLEN LANDFILL

NORFOLK NAVAL BASE, NORFOLK, VIRGINIA

Current Receptor

Input Parameter Media Units References
Child Adult

(6 to 12 yrs.) Employee

ED , Exposure Duration Sediment year 6 25 USEPA,1991

Surface Water year 6 25 USEPA,1991

Soil year 6 25 USEPA,1991

EF, Exposure Frequency Sediment day/year 137 12 Professional J udgment

Surface Water day/year 137 12 Profes&onalJudgment

Soil day/year 180 250 USEPA,1991

ET, Exposure Time Surface Water hour/day 2.5 2.5 Professional J udgment

m, Ingestion Rate Sediment mg/day 200 50 USEPA,1991

Surface Water Llhour 0.05 0.05 USEPA,1989a

Soil mg/day 200 50 USEPA, 1991

SA, Surface Area Sediment cm2 3,407 2,000 USEPA,1992a

Surface Water cm2 3,407 2,000 USEPA,1992a

Soil cm2 3,407 5,300 USEPA,1988

AT, Averaging Time

ATnc- noncarcinogenic Sediment day 2,190 9,125 USEPA,1989a

Surface Water day 2,190 9,125 USEPA,1989a

Soil day 2,190 9,125 USEPA,1989a

ATel carcinogenic All Media day 25,550 25,550 USEPA,1989a



EXPOSURE INPUT PARAMETERS FOR
LOCAL CHILDREN AND ADULTS POTENTIALLY EXPOSED TO

COPCs IN AREA B - ELEMENTARY SCHOOL
CAMPALLENLAND~L

NORFOLK NAVAL BASE, NORFOLK, VIRGINIA

Receptor

Input Parameter Media Units References

Child Adult

ABS, Absorbance Factor

Organics N/A N/A 0.01 · 0.01 USEPA,1992c

Inorganics N/A N/A 0.001 0.001 USEPA.1992c

AF, Adherence Factor Soil/Sediment mglcm2 1 1 USEPA,1992c

BW, Body Weight All Media Kg 31 70 USEPA,1989a

PC. Permeability All Media cmlhr Chemical- Chemical- See CDI calculations.
Constant specific specific AppendixC

References:

USEPA, 1992b. Dermal Exposure Assessment: Principles and Applications - Interim Report.
USEPA. 1991. Risk Assessment Guidance for Superfund, Volume I - Human Health Evaluation Manual
Supplemental Guidance. "Standard Default Exposure Factors." Interim Final.
USEPA. 1989a. Risk Assessment Guidance for Superfund, Volume I • Human Health Evaluation Manual
(Part A) Interim Final.
USEPA, 1989b . Exposure Factors Handbook.
NA = Not Applicable



EXPOSURE UNPUT PARAMETERS FOR
LOCAL ADULTS POTENTIALLY EXPOSED TO COPCs IN AREA B· POND

CAMP ALLEN LANDBLL
NORFOLK NAVAL BASE, NORFOLK, VIRGINIA

Current
Receptor

Input Parameter Media Units References
Adult

Employee

ED, Exposure Duration Sediment year 25 USEPA,1991

Soil year 25 USEPA,1991

Surface Water year 25 USEPA,1991

EF, Exposure Frequency Sediment day/year 12 Professional J udgment

Soil day/year 250 USEPA,1991

Surface Water day/year 12 Professional Judgment
and USEPA, 1992b

ET, Exposure Time Surface Water hour/day 2.6 USEPA,1988

IR, Ingestion Rate Sediment mg/day 50 USEPA,1991

Soil mg/day 50 USEPA,1988

Surface Water IJhour 0.05 USEPA,1988

SA, Surface Area Sediment cm2 3,500 USEPA,1992a

Soil cm2 5,300 USEPA,1992a

Surface Water cm2 3,500 USEPA,1992a

AT, Averaging Time

ATncJnoncarcinogenic Sediment day 9,125 USEPA,1989a

Soil day 9,125 USEPA,1989a

Surface Water day 9,125 USEPA, 1989a

ATeJcarcinogenic All Media day 25,550 USEPA,1989a



EXPOSUREUNPUTPARAMETERSFOR
LOCAL ADULTS POTENTIALLY EXPOSED TO COPCs IN AREA B - POND

CAMP ALLEN LANDFILL
NORFOLK NAVAL BASE, NORFOLK, VmGINIA

Receptor

Input Parameter Media Units References
Adult

ABS, Absorbance Factor

Organics N/A N/A 0.01 USEPA,1992c

Inorganics N/A N/A 0.001 USEPA,1992c

AF, Adherence Factor Soil/Sediment mg/cm 2 1 USEPA,1992c

BW,BodyWeight All Media Kg 70 USEPA,1989a

PC, Permeability All Media cmlhr Chemical- See CDI calculations,
Constant specific AppendixC

References:

USEPA, 1992b. Dermal Exposure Assessment: Principles and Applications - Interim Report.
USEPA, 1991. Risk Assessment Guidance for Superfund, Volume I - Human Health
Evaluation Manual Supplemental Guidance. "Standard Default Exposure Factors," Interim
Final.
USEPA, 1989a. Risk Assessment Guidance for Superfund. Volume I - Human Health
Evaluation Manual (Part A)Interim Final.
USEPA, 1989b . Exposure Factors Handbook.
NA = Not Applicable



EXPOSURE INPUT PARAMETERS FOR
FUTURE RESIDENT ADULTS AND CHILDREN POTENTIALLY EXPOSED TO

COPCs IN AREA B· POND AND ELEMENTARY SCHOOL
CAMP ALLEN LANDFILL

NORFOLK NAVAL BASE, NORFOLK, VIRGINIA

Future Receptor

Input Parameter Media Units References
Child Adult

ED, Exposure Duration Sediment year 6 30 USEPA,1991

Groundwater year 6 30 USEPA,1991

Surface Water year 6 30 USEPA,1991

Soil year 6 30 USEPA,1991

Air,Shower year 6 30 USEPA,1991

EF, Exposure Frequency Sediment day/year 137 34 Professional Judgment

Groundwater day/year 350 350 USEPA,1991

Surface Water day/year 137 34 Professional Judgment

Soil day/year 350 350 USEPA,1991

Air,Shower day/year 350 350 USEPA,1991

ET, Exposure Time Surface Water hour/day 2.5 2.5 Professional Judgment

Air,Shower hour/day 0.2 0.2 USEPA,1988

m, Ingestion Rate Sediment mg/day 200 100 USEPA,1991

Groundwater L1day 1 2 USEPA,1991

Surface Water L/hour 0.05 0.05 USEPA,1989a

Soil mglday 200 100 USEPA,1991

Air, Shower m3/hour 0.6 0.6 USEPA,1989a

SA, Surface Area Sediment cm2 3,820 2,000 USEPA,1992a

Groundwater cm2 8,023 18,150 USEPA,1989a

Surface Water cm2 3,820 2,000 USEPA,1992a

Soil cm2 2,006 5,300 USEPA,1992a



EXPOSURE INPUT PARAMETERS FOR
FUTURE RESIDENT ADULTS AND CffiLDREN POTENTIALLY EXPOSED TO

COPCs IN AREA B· POND AND ELEMENTARY SCHOOL
CAMP ALLEN LANDflLL

NORFOLK NAVAL BASE, NORFOLK, VIRGINIA

Future Receptor

Input Parameter Media Units References

Child Adult

AT, Averaging Time

ATncJnoncarcinogenic Sediment day 2,190 10,950 USEPA,1989a

Groundwater day 2,190 10,950 USEPA,1989a

Surface Water day 2,190 10,950 USEPA,1989a

Soil day 2,190 10,950 USEPA,1989a

Air,Shower day 2,190 10,950 USEPA,1989a

ATe, carcinogenic All Media day 25,550 25,550 USEPA,1989a

ABS, Absorbance Factor

Organics All media N/A 0.01 0.01 USEPA,1992c

Inorganics All media N/A 0.001 0.001 USEPA,1992c

AF, Adherence Factor SoillSediment mglcm 2 1 1 USEPA,1992c

BW, Body Weight All Media Kg (l) 70 USEPA,1989a

PC , Permeability All Media cmlhr Chem ical- Chemical- see CDI calculations,
Constant specific specific Appendix C

References:

USEPA, 1992b. Dermal Exposure Assessment: Principles and Applications· Interim Report.
USEPA,1991. Risk Assessment Guidance for Superfund, Volume I - Human Health Evaluation Manual
Supplemental Guidance. "Standard Default Exposure Factors." Interim Final.
USEPA, 1989a. Risk Assessment Guidance for Superfund, Volume I . Human Health Evaluation Manual
(Part A) Interim Final.
USEPA, 1989b. Exposure Factors Handbook.

Notes: (1) Child body weights: 1 to 6 years = 15 Kg; 6 to 15 years = 37 Kg
NA = Not Applicable



CAMP ALLEN LANDFILL
BASELINE RISK ASSESSMENT

Toxicity Assessment



TOXICITY FACTORS FOR CHEMICALS OF CONCERN
AREASAANDB

CAMP ALLEN LANDFILL, NORFOLK NAVAL BASE, NORFOLK, VIRGINIA

RID Rfi CSF CSFI WOE Reference

VOCs:

Benzene PDG PDG 0.029 0.029 A mrs, 1993

Carbon Disulfide 0.1 0.0029 -- -- -- USEPARegionill,1992
ffiIS,1993

Chlorobenzene 0.02 0.0057 -- -- D USEPARegionill,1992
ffiIS,1993

1,2-Dichloroethane ND ND 0.091 0.091 B2 mrs,1993

1,2-Dichloroethene 0.003 ND ND ND -- USEPARegionill,1992
ffiIS,1993

Ethylbenzene 0.1 0.286 -- -- D USEPARegionill,1992
ffiIS,1993

1,1,1- 0.09 0.286 NE NE D USEPARegionill,1992
Trichloroethane

Tetrachloroethene 0.01 ND 0.052 0.002 -- USEPA Region ill, 1992
IRIS, 1993

Toluene 0.2 0.114 -- -- D USEPA Region ill, 1992
nus, 1993

Trichloroethene 0.006 PDG 0.011 0.006 -- USEPA Region ill, 1992
nus, 1993

Vinyl Chloride -- -- 1.9 0.3 -- USEPA Region ill, 1992

Xylenes (total) 2 PDG -- -- D mrs, 1993



TOXICITY FACTORS FOR CHEMICALS OF CONCERN
AREAS A AND B

CAMP ALLEN LANDFILL. NORFOLK NAVAL BASE. NORFOLK. VIRGINIA

ul J - J i
'{... \. " J :

fJ' I.- ~\, R- 11< . (lr,:,.GI(

I · b jt,ov. a r-:

RID RfI CSF CSFI WOE Reference

PCBs:

Aroclor-1260 ND ND 7.7 -- B2 IRIS, 1993

Inorganics:

Antimony 0.0004 -- -- -- -- USEPARegionIII,1992
IRIS,I993

Arsenic 0.0003 ND 1.75 15.1 AI USEPARegionIII,1992
IRIS. 1993

Beryllium 0.005 ND 4.3 8.4 B2 IRIS, 1993

Cadmium 0.0005 PDG -- 6.3 B11 USEPARegionIII,1992
IRIS, 1993

Chromium (as VI) 0.005 PDG -- 42 AI IRIS, 1993

Copper 0.071 ND -- -- D USEPA Region III, 1992

Lead -- ND -- -- B2 mIS, 1993 ~

Manganese 0.005 0.00011 -- -- D mIS, 1993

Mercury 0.0003 0.00008 -- -- D USEPA Region III , 1992
6 IRIS , 1993

Nickel 0.02 PDG -- -- -- IRIS, 1993

Silver 0.005 ND -- -- D USEPA Region III, 1992
IRIS, 1993

Zinc 0.3 ND -- -- D IRIS, 1993

Notes: RID - reference dose, oral mIS - Integrated Risk Information System
RfI - reference dose, inhalation HEAST . Health Effects Assessment
CSF - cancer slope factor, oral Summary Tables
CSFI - cancer slope factor, inhalation USEPA - Environmental Protection Agency
WOE· weight ofevidence AI, BI - carcinogenic by inhalation
ND • No data available NE - Not evaluated
PDG - pending

. ~ j,J.: \ ~ \ \ Ut ~ _" Iv\



CAMP ALLEN LANDFILL
BASELINE RISK ASSESSMENT

RISK CHARACTERIZATION

• Human Health

Area A

- Local Adults and Children
- Brig Employees and Prisoners
- Future Residents

Area B

- School Employees
- School Children
- Brig Employees (Pond Area)
- Future Residents (Pond and School Areas)



INCREMENTAL LIFETIME CANCER RISKS ucne AND HAZARD INDICES (HI)
FOR LOCAL ADULTS AND CmLDREN . RESIDENTIAL AREA AND AREA A

NORFOLK NAVAL BASE, NORFOLK, VIRGINIA

Receptors

Children Children
Adults (1 to 6 years) (6 to 15 years)

Pathway III ICR III ICR III ICR

Shallow Groundwater

Ingestion 6E-5 9E-8 3E-4 9E-8 NA NA

Dermal Contact 3E-4 2E-7 0.005 5E-7 NA NA

Inhalation NA NA NA NA NA NA

S ediment

Ingestion 0.009 1E-6 NA NA 0.1 6E-6

Dermal Cont act 6E-4 1E-8 NA NA 0.005 3E-9

Surface Water

Ingestion 0.003 6E-7 NA NA 0.02 3E-6

Dermal Contact 3E-4 6E-8 NA NA 0.003 2E-7

TOTAL 0.01 2 x 10·6 0.005 6E-7 0.1 9E-6

Notes: •. = Not calculated. Potentially carcinogenic COPCs not detected in the data set
NA = Not Applicable
( ) = Risk va lue derived using dissolved inorganic results



INCREMENTAL LIFETIME CANCER RISKS (lCRs) AND HAZARD INDICES (HI)
FOR BRIG EMPLOYEES AND BRIG PRISONERS - AREA A

NORFOLK NAVAL BASE, NORFOLK, VIRGINIA

Receptors

Brig Prisoners Brig Employees (Civilian)

Pathway ill ICR ill ICR

Soil

Ingestion 0.2 2E-6 0.15 2E-5

Dermal Contact 0.008 8E-8 0.006 7E-7

Sediment

Ingestion NA NA 0.015 2E-6

Dermal Contact NA NA 0.001 2E-7

Surface Water

Ingestion NA NA 0.005 9E-7

Dermal Contact NA NA 6E-4 9E-8

TOTAL 0.2 2E-6 0.2 2E·5

Notes: NA = Not Applicable



INCREMENTAL LIFETIME CANCER RISKS (lCRs) AND HAZARD INDICES (HI)
FOR FUTURE RESIDENTS . AREA A

NORFOLK NAVAL BASE, NORFOLK, VIRGINIA

Receptors

Adults Children

Pathway ill ICR ill ICR

Shallow Groundwater

Ingestion 5.7 (5.0) 1E-2 (l E-2) 13 (12.0) 6E-3 (6E-3)

Dermal Contsct 0.4 (0.4) 2E-4 (2E-4) 0.8 (0.8) 8E- 5 (8E-5)

Inhalation 0.001 1E-5 0.02 4E-5

Deep Groundwater

Ingestion 0.7 (0.6) 6E-4 (6E-4) 1.7 (1.0) 3E·4 (3E-4)

Dermal Contact 0.02 (0.02) 9E-6 (9E-6) 0.03 (0.03) 4E-6 (4E·6)

Inhalation 0.001 1E-5 0.02 3E-6

S oil

Ingestion 0.4 5E-5 3.8 1E-4

Dermal Contact 0.02 3E-6 0.04 1E-6

Sediment

Ingestion 0.04 6E-6 1.6 5E-5

Dermal Contact 0.002 3E·7 0.03 2E-8

S urface Water

Ingestion 0.01 3E-6 0.3 1E-5

Dermal Contact 1E-7 2E-IO 4E-6 lE-9

TOTAL(l) 7 (6) 1E ·2 (lE-2) 20 (19) 6E-3 (6E-3)

Notes: ( ) = Risk value derived using dissolved (filte red) inorganic results
(1 ) Total result is derived by summing the ICR and ill values for each pathway using

the more conservati ve results for sha llow or deep groundwater.



INCREMENTAL LIFETIME CANCER RISKS (lCRs) AND HAZARD INDICES (HI)
FOR SCHOOL Cm LDREN AND ADULT SCHOOL EMPLOYEES· AREA B SCHOOL

NORFOLK NAVAL BASE, NORFOLK, VIRGINIA

Receptors

School Employees School Children
l(,.-S

Pathway ill ICR ill ICR

Soil

Ingestion 0.03 -- 0.2 --

Dermal Contact 0.003 -- 0.007 --

Sediment

Ingestion 5E-5 - 0.002 --

Dermal Contact 2E-6 -- 8E-5 --

Surface Water

Ingestion 0.002 5E-7 0.06 3E-6

Dermal Contact 3E-4 5E-8 0.006 3E-7

TOTAL 0.04 6E-7 0.3 3E-6

Notes: -- = Not cal culated. Potentially carcinogenic COPCs were not retained or detected
in the respective data.



INCREMENTAL LIFETIME CANCER RISKS (lCRs) AND
HAZARD INDICES (HI) FOR LOCAL ADULTS AND

CIllLDREN . AREA B POND
NORFOLK NAVAL BASE, NORFOLK, VIRGINIA

Receptors

Brig Employees

Pathway ill ICR

Soil

Ingestion 0.01 8E.7

Dermal Contact 0.002 8E-7

Sediment

Ingestion 0.004 5E·7

Dermal Contact 3E-4 3E-8

Surface Water

Ingestion 0.004 7E-7

Dermal Contact 0.001 4E-7

TOTAL 0.02 3E-6



,
Notes: (1)

INCREMENTAL LIFETIME CANCER RISKS (lCRs) AND HAZARD INDICES (Ill)
FOR FUTURE RESIDENTS· AREA B (SCHOOL AND POND AREAS)

NORFOLK NAVAL BASE, NORFOLK, VIRGINIA

Receptors

Adults Children

Pathway HI ICR HI ICR

Shallow Groundwater

Ingestion 4.1 (2.6) 5E-3 (5E-3) 9.5 (6.0) 2E-3 (2E-3)

Dermal Contact 0.05 (0.04) 7E-5 (7E-5) 0.09 (0.08) 3E-5 (3E-5)

Inhalation - 3E-4 -- 3E-4

Deep Groundwater

Ingestion 6.9 (0.1) 9E-4 (3E-4) 16.2 (0.3) 4E-4 (2E-4)

Dermal Contact 0.02 (0.004) 5E-6 (4E-6) 0.05 (0.007) 2E-6 (2E-6)

Inhalation -- 8E-5 -- 8E-5

Soil'

Ingestion 0.08 -- 0.8 --
Dermal Contact 0.002 -- 0.008 --

Sediment"

Ingestion 0.01 2E-6 0.4 1E-5

Dermal Contact 0.005 6E-8 0.009 2E-7

Surface Water"

Ingestion 0.01 2E-6 0.2 9E-6

Dermal Contact 0.002 1E-6 0.06 5E-6

TOTAL (I) 4.3 (2.7) 5E-3 (5E-3) 11.0 (7.5) 2E-3 (2E-3)

Total result is derived by summing the ICR and HI values for each pathway, using
the results for shallow groundwater because of the relatively higher ICR values.

Values represent Area B - School data.
"- Values represent Area B - Pond data.



CAMP ALLEN LANDFILL
BASELINE RISK ASSESSMENT

RISK CHARACTERIZATION

• Ecological

Areas A and B

- Benthic Macroinvertebrates
- Terrestrial Receptors



CAMP ALLEN LANDFILL
BASELINE RISK ASSESSMENT

Summary of Risk Assessment Results

• Human Health

Area A - Current Potential Risks

Area B - Current Potential Risks

Area A - Future Potential Risks

Area B - Future Potential Risks

• Ecological

Aquatic and Terrestrial



TOTAL SITE ICR AND m VALUES FOR CURRENT
POTENTIAL HUMAN RECEPTORS, AREA A

NORFOLK NAVAL BASE
NORFOLK, VIRGINIA

Receptors Totalm TotallCR

Local Adults (l) 0.01 2E-6

Local Children (2)' 0.1 1E-5

Brig Employees (3 ) 0.2 2E-5

Brig Prisoners 0.2 2E-6

Notes:

(1) Local adults could potentially be exposed to COPCs by dermal
contact and accidental ingestion of shallow groundwater, surface
waters and sediments.

(2) Local children could potentially be exposed to surface waters,
sediments and shallow groundwaters. Total site risk values
represent potential exposure to surface waters and sediments by
older children and total site risk values for younger children
potentially exposed to COPCs in residential area shallow
groundwater.

(3) Brig Employees (Civilian) could potentially be exposed to COPCs
by dermal contact and accidental ingestion of soils, surface waters
and sediments.

(4) Brig Prisoners could potentially be exposed to COPCs through
dermal contact and accidental ingestion of soils . Prisoners do not
generalIy gain access to the ditches.

• Total HI and lCR values derived by summing the HI and rCR
values for younger children (ages 1 to 6 years) and older children
(ages 6 to 15 years) potentialIy exposed to Area A ditch surface
waters and sediments.

::>
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TOTAL SITEICR AND BI VALUES FOR CURRENT
POTENTIAL HUMAN RECEPTORS, AREA B

NORFOLK NAVAL BASE
NORFOLK, VIRGINIA

Receptors TotalID TotallCR

Brig Employees{l) 0.02 3E-6

Elementary School Children (2) 0.2 3E-6

Elementary School Workers (3 ) 0.04 6E-7

Notes:

(1 ) Brig employees could potentially be exposed to COPCs by dermal contact
and accidental ingestion of soils, surface waters, and sediments in Area B 
pond during maintenance activities.

(2 ) Elementary School children (6 through 12) could potentially be exposed to
COPCs by dermal contact and accidental ingestion of soils, surface water
and sediments in Area B - School.

(3) Elementary School Workers could potentially be exposed to COPCs by
dermal contact and accidental ingestion of soils, surface waters and
sediments in Area B - Scbool.



TOTAL SITE ICR AND ID VALUES FOR FUTURE
POTENTIAL HUMAN RECEPTORS, AREA A

NORFOLK NAVAL BASE
NORFOLK, VIRGINIA

Receptors TotalID TotallCR

Resident Adults (1) 7 (6) lE-2 (lE-2)

Resident Children (2) 20 (19) 6E-3 (6E-3)

Notes:

Values in parentheses represent risk values derived using dissolved
inorganic constituent results for groundwaters.

(l) Future resident adults could potentially be exposed to COPCs by
dermal contsct and accidental ingestion of soils, surface waters
and sediments. Potable use of shallow and deep groundwaters
were also evaluated. Potential exposure pathways included
ingestion, whole body dermal contsct and inhalation of VOCs
while showering.

(2) Future resident children could potentially be exposed to COPes by
dermal contact and accidental ingestion of soils, surface waters
and sediments and by the potable use of shallow and deep
groundwaters.



TOTAL SITE ICR AND ID VALUES FOR FUTURE
POTENTIAL HUMAN RECEPTORS, AREA B

NORFOLK NAVAL BASE
NORFOLK, VIRGINIA

Receptors TotalID TotailCR

Resident Adults (1) 4.3 (2.7) 5E-3 (5E-3)

Resident Children (2) 11.0 (7.5) 2E-3 (2E-3)

Notes:

Values in parentheses represent risk values derived using dissolved
inorganic constituent results for groundwaters.

(1 ) Future resident adults could potentially be exposed to COPCs by
dermal contact and accidental ingestion of BOils, surface waters
and sediments. Potable use of shallow and deep groundwaters
were also evaluated. Potential exposure pathways included
ingestion, whole body dermal contact and inhalation of VOCs
while showering.

(2) Future resident children could potentially be exposed to COPes by
dermal contact and accidental ingestion of BOils, surface waters
and sediments and by the potable use of shallow and deep
groundwaters.



CAMP ALLEN LANDFILL
BASELINE RISK ASSESSMENT

Chemicals and Environmental Media responsible for future potential human
health risks include:

• Area A

Subsurface Soil - arsenic and cadmium

Sediment - arsenic

Shallow Groundwater - 1,2-dichloroethene, vinyl chloride, and
trichloroethene

Deep Groundwater - 1,2-dichloroethene, vinyl chloride, and
trichloroethene



CAMP ALLEN LANDFILL
BASELINE RISK ASSESSMENT

Chemicals and Environmental Media responsible for future potential human
health risks include:

• Area B

Shallow Groundwater - 1,2-dichloroethene, vinyl chloride, and
trichloroethene

Deep Groundwater - 1,2-dichloroethene and antimony



OVERVIEW OF AREA B REMOVAL ACTION



CAMP ALLEN LANDFILL
REMOVAL ACTION

AREAH

• Based on RI findings, a Non-time critical Removal Action is planned at
Area B of the Camp Allen Landfill

Scope of Work

Generalized Figure

Tentative Schedule



CAMP ALLEN LANDFILL
REMOVAL ACTION, AREA B

• Included in the Removal Action scope are the following items of work:

Temporary dewatering of the removal areas to lower the water table

Treatment of extracted groundwater and discharge to HRSD

Excavation of the soil/debris from the trenches plus over-excavation of
visibly contaminated soil from excavation side walls/floor

Confirmation sampling and analysis, and additional excavation of material
contaminated in excess of removal action endpoints

Transportation to and disposal at a RCRA Facility

Site Restoration
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REMOVAL ACTION SCHEDULE FORAREA B
Camp Allen Landfill, Naval Station. Norfolk, Virginia

Project Manager: Stephen Kretschman

I Mo. I Jun I Jul Au- I S.. I Od I
Tosk Descrintion Do", SLut Finish 4124 I l /8 I l/22 I 615 I 6/19 I 713 I 7/17 7131 I 8/14 I 8/28 I 9/11 I 912$ I 1019 I 10123

1.0 MOBILIZATION 44«1 l13194 6/16194

2.0 REMOVAL ned 6/17194 912194

3.0 SITE RESTORATiON JO«l 913194 1013194

4.0 DEMOBILIZATION JOed 1013194 11/2/94



SUMMARY OF FS RESULTS



FS PROCESS

• Unacceptable Risk

• Develop Remedial Action Objectives

• Develop General Response Actions

• Identify & Screen Technologies and Process Options

• Develop & Screen Alternatives

• Analyze Alternatives in Detail

• Compare Alternatives
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FIGURE 2- 1
ASSU MED EXTENTS OF SHALLOW

GROUNDWATER CONTAMINATION IN AREA A
CAMP ALLEN LANDFILL

NORFOLK NAVAL BASE
NORFOLK, VIRGINIA
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FIGURE 2-2
ASSUMED EXTENTS OF DEEP

GROUNDWATER CONTAMINATION IN AREA A
CAMP ALLEN LANDFILL

NORFOLK NAVAL BASE
NORFOLK, VIRGINIA
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FIGURE 2-3
ASSUMED EXTENTS OF SHALLOW

GROUNDWATER CONTAMINATION IN AREA B
CAMP ALLEN LANDFILL

NORFOLK NAVAL BASE
NORFOLK, VIRGINIA
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Remedial Action Objectives - Groundwater

la. Prevent exposure to (ingestion, inhalation, and dermal contact)
groundwater exceeding drinking water standards

1b. Prevent exposure to (inhalation and dermal contact) groundwater
exceeding nonpotable use cleanup levels

2a. Prevent further migration of contaminated groundwater in excess of
drinking water standards

2b. Prevent further migration of contaminated groundwater in excess of
nonpotable use cleanup levels

3a. Restore contaminated groundwater to drinking water standards

3b. Restore contaminated groundwater to nonpotable use cleanup levels



COMPARISON OF GROUNDWATER MAXIMUM CONTAMINANT CONCENTRATIONS
TO CLEANUP LEVELS (pg/L)

CAMP ALLEN LANDFILL SITE, NORFOLK, VIRGINIA

Potable Nonpotable Water Table Yorktown Water Table Yorktown

Contaminants of Use(l) Use(2) Aquifer Aquifer Aquifer Aquifer

Concern Cleanup Cleanup Concen- Concen- Concen- Concen-
trations(3) trations(3) trations(3) trations(3)Levels Levels Area A Area A AreaB AreaB

Vinyl Chloride 2 2 250 100 940 3

1,2-Dichloroethylene 70 220 6,100 540 1,600 16

1,2-Dichloroethane 5 40 3 38 180 450

Trichloroethylene 5 380 1,800 100 520 18

Tetrachloroethylene 5 70 620 4 10 --
Benzene 5 120 310 3 410 12

Toluene 1,000 130,000 5,400 1 -- I

Arsenic 50 2 309 64 94 194

Cadmium 5 37 46 6.5 18 31

Chromium 100 370 353 166 775 542

(1) Based on federal Safe Drinking Water Act Maximum Contaminant Levels (MCLs), USEPA, May 1993.

(2) Based on incidental ingestion under a nonpotable use scenario and an incremental cancer risk of 1 x 10·6
for children.

(3) Concentrations represent maximum values detected during Rounds 2 and 3.

.-=Not detected



TABLE 3-5
SUMMARY OF GROUNDWATER TECHNOLOGY EVALUATION AND SCREENING

CAMP ALLEN LANDFILL, NORFOLK, VIRGINIA

General Response Remedial Process Option Screening Conunents

Actions Technology

No Action None Not Applicable Retain for further consideration.

Monitoring GroundwaterMonitoring Retain for further consideration.

Institutional Alternate Water Existing Water Supply Retain for further consideration.

Controls SupplyPoint-of-Use New Water Supply Eliminate as a repres entative process option in FS. More difficult and costly

to implement than cormection to existing public water supply.

Individual Home Eliminate as a representative processoption in FS. More difficult and costly

Treatment Units to implement than connection to existing public water supply.

LandUse Controls Base Master Plan Retain for further consideration.

Deed Restrictions Retain for further consideration.

PublicEducation Meetings, Written Retain for further consideration.

Notices, etc.

Containment Gradient Control ExtractionWells Retain for further consideration.

Collection! Collection ExtractionWells Retain as a representative process optionforgroundwater collection.

TreatmentlDischarge Interceptor Drains Eliminate as a representative process option in FS. Retain for potential

detailed design consideration.

Aerobic Biological ActivatedSludge Eliminateas a representative process option in FS. Not well proven for

Treatment chlorinated organiccontaminants of concern.

Aerated Lagoon Eliminate as a representative processoption in FS. Not well proven for

chlorinated organic contaminantsof concern.

Biological Towers Eliminate as a representative process option in FS. Not well provenfor

chlorinated organic contaminantsof concern.

Chemical Ircauncnt Ncutrulizatiou Retain as a pretreatment process for metals removal.

Oxidation with Hydrogen Eliminateas a representativeprocessoption in FS. Not well proven for

Peroxide chlorinatedorganic contaminants of concern,

l...\S~ I:- / i ( ~ w ~ ~. r- c,....p ro c..r:~$ :>p 'h~o ~.5 e ffrti m~4j f~",,!/l ;-t- ~d :;fAt:!"" .-;.; .... Jo.> ~p.f-I CY' S
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TABLE 3-5
SUMMARY OF GROUNDWATER TECHNOLOGY EVALUATION AND SCREENING

CAMP ALLEN LANDFILL, NORFOLK, VIRGINIA

General Response Remedial ProcessOption Screening Comments

Actions Technology

Collection! ChemicalTreatment Ozonation Eliminateas a representative process option in FS. Not well provenfor

TreatmentJDischarge (continued) chlorinated organic contaminants of concern.

(continued) Oxidation with Potassium Retain as a pretreatment process for metals removal.

Pennanganate

Oxidation with More costly to implement than air stripping and carbonadsorption.

UV Light/Ozonation

Oxidation with Eliminate as a representative process option in FS. Not well-proven for

Hypochlorite chlorinated organic contaminants of concern. More costlyto implement than

air strippingand carbonadsorption.

Precipitation Retain as a pretreatmentprocess for metals removal.

Physical Activated Carbon Retain for further consideration.

Treatme nt Air Stripping Retain for further consideration.

Dewatering Retain for dewateringof sludge generated during groundwater treatment.

Clarification! Retain as a pretreatment process for metals removal.

Sedimentation

Coagulation! Retain as a pretreatment process for metals removal.

Flocculation

Dissolved Air Eliminate as a representative processoption in FS. Not well-proven for

Flotation chlorinated organiccontaminants of concern.

Distillation Eliminate as a representative process option in FS. Air stripping and carbon

adsorption are more cost effective for contaminants of concern.

Equalization Retain as a pretreatmentprocess for metals removal.

Filtrution Retain as a pretreatment process for metals removal.

2 0f3



TABLE 3-5
SUMMARY OF GRO UNDWATER TECHNOLOGY EVALUATI ON AND SCREENING

CAMP ALLE N LANDFILL, NORFOLK, VIRGINIA

General Response Remedial Process Option Screening Comments

Actions Technology

Collection! Physical Ion Exchange Eliminate as a representative process option in FS. Retain for potential

TreatmentIDischarge Treatment detailed design consideration.

(continued) (continued) Oil/water separation Eliminate as a representative process option in FS. Free non-aqueous phase

contamination not detected in groundwater.

Reverse Osmosis Eliminate as a representative process option in FS. More difficult to

implement than air stripping and carbon adsorption.

SteamStripping Eliminate as a representative process option in FS. Air stripping and carbon

adsorption are more cost effective for contaminants of concern.

Discharge Surface Water Retain for further consideration.

Subsurface Discharge Retain for further consideration.

POTW Eliminate as a representative process opti~n in FS. Not implementable

because local facility will not accept continuous groundwater discharge.

Industrial Wastewater Retain for further consideration.

Treatment

In Situ Treatment Biological Treatment Aerobic Bieremediatien Eliminate as a representative process option in FS. Not well-proven for

chlorinated organic contaminants of concern.

Physical Treatment Air Sparging Eliminate as a representative process option in FS. Currently not well-proven

for contaminants of concern. Could be considered at a later time to augment

or replace shallow groundwater extraction and replacementsystem when more

data become available.

J ofJ



TABLE 3-6

SUMMARY OF RETAINED GROUNDWATER TECHNOLOGIES
AND REPRESENTATIVE PROCESS OFI'IONS

CAMP ALLEN LANDFILL, NORFOLK, VIRGINIA

GENERAL RESPONSE ACTION TECHNOLOGY REPRESENTATIVE PROCESS
OPTION

No Action Monitoring Groundwater Monitoring

Institutional Controls Land Use Control Base Master Plan
Deed Restrictions

Alternate Water Supply Connection to Public Water
Supply

Public Education Public Meetings

Containment Gradient Control Extraction Wells

CollectionlTreatmentl Discharge Collection Extraction Wells

On-site Physical Treatment'" Air Stripping, Carbon Adsorption

Treatment at IWTP(I) Air Stripping, Carbon Adsorption

Discharge Surface Water, Subsurface

(I) The following process options were not selected as primary treatment components for the organic contaminants
but were retained for pretreatment of groundwater for removal of metals and suspended solids: equalization,
neutralization, oxidation with potassium permanganate, precipitation, coagulation/flocculation,
clarification/sedimentation, filtration, and sludge dewatering.

3-57



Area At Groundwater Alternatives

• Alternative AI -GWI: No Action with Monitoring

• Alternative AI-GW2: Institutional Controls, Monitoring, and
Alternate Water Supply

'J-! ' c.~ f.

(' .c.. r',- r,Cr .).
.! u..:' " ... ,.-

c. .t , -

• Alternative AI -GW3a: Containment and On-site Treatment of
Groundwater Exceeding Nonpotable Cleanup Levels,
Institutional Controls, Monitoring, and Alternate ~~' ,,? <,,), . 7
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• AlternatIve AI-GW3b: Containment and Treatmerit'of Groundwater TL).\~rr~;" J '

Exceeding Nonpotable Cleanup Levels Using IWTP,
Institutional Controls , Monitoring,
and Alternate Water Supply
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Area Al Groundwater Alternatives
(continued)

Alternative AI-GW4a: Containment and On-site Treatment of
Groundwater Exceeding Potable Cleanup Levels,
Institutional Controls, Monitoring,
and Alternate Water Supply

• Alternative AI-GW4b: Containment and Treatment of Groundwater
Exceeding Potable Cleanup Levels Using IWTP,
Institutional Controls, Monitoring, ~

and Alternate Water ~UP~IY ' \ '/

(i ll 'I (~ .~) < -'-\.. ; , ;.. \ \-., r c .'h)~~ d.:t:.L, ,,,r,, ,, -\--. \-l est:> '-\\<:::
V I 'C ~~ -c " 0 '. " - ,-, ,,e~ • I

- l\O



Area A2 Groundwater Alternatives

• Alternative A2-GWI: No Action with Monitoring

• Alternative A2-GW2: Institutional Controls and Monitoring

• Alternative A2-GW3a: Containment and On-site Treatment of
Groundwater Exceeding Nonpotable Cleanup Levels,
Institutional Controls and Monitoring



Area A2 Groundwater Alternatives
(continued)

• Alternative A2-GW3b: Containment and Treatment of Groundwater
Exceeding Nonpotable Cleanup Levels Using IWTP,
Institutional Controls and Monitoring

• Alternative A2-GW4a: Containment and On-site Treatment of
Groundwater Exceeding Potable Cleanup Levels,
Institutional Controls and Monitoring

• Alternative A2-GW4b: Containment and Treatment of Groundwater
Exceeding Potable Cleanup Levels Using IWTP,
Institutional Controls and Monitoring



Area B Groundwater Alternatives

• Alternative B-GWl: No Action with Monitoring

• Alternative B-GW2: Institutional Controls and Monitoring

• Alternative B-GW3a: Containment and On-site Treatment of
Groundwater Exceeding Nonpotable Cleanup Levels,
Institutional Controls and Monitoring



Area B Groundwater Alternatives
(continued)

• Alternative B-GW3b: Containment and Treatment of Groundwater
Exceeding Nonpotable Cleanup Levels Using IWTP ,
Institutional Controls and Monitoring

• Alternative B-GW4a: Containment and On-site Treatment of
Groundwater Exceeding Potable Cleanup Levels,
Institutional Controls and Monitoring

• Alternative B-GW4b: Containment and Treatment of Groundwater
Exceeding Potable Cleanup Levels Using IWTP,
Institutional Controls and Monitoring
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TABLE 6-1

AREA Al
GROUNDWATER EXTRACTION SYSTEM CHARACTERISTICS

CAMP ALLEN LANDFILL, NORFOLK, VIRGINIA

Aquifer Plume Width Number of Wells Well Depth Well Spacing Well Pumping Rate
(feet) (feet) (feet) (gpm)

Shallow 400 4 25 40 4
(Watertahle)

Deep (Yorktown) 550 4 60 53 3

4 1I0 53 3



TABLE 6·2

AREAAZ
GROUNDWATER EXTRACTION SYSTEM CHARACTERISTICS

CAMP ALLEN LANDFILL, NORFOLK, VIRGINIA

Aquifer Plume Width Number of Wells Well Depth Well Spacing Well Pumping Rate
(feet) (feet) (feet) (gpm)

Shallow 400 4 25 41.4 3.5
(Watertable)

Deep (Yorktown) 1200 4 60 116 5.625

4 110 116 5.625

400 I 60 NA 7.5

I 110 NA 7.5

Notes: NA - Not Applicable
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TABLE 6-3

AREAB
GROUNDWATER EXTRACTI ON SYSfEM CHARACTERIsrICS

CAMP ALLEN LANDFILL, NORFOLK, VIRGINIA

Aquifer Plume Width Number of Wells Well Depth Well Spacing Well Pumping Rate
(feet) (feet) (feet) (gpm)

Shallow 800 2 25 212 0.75

(Watertable) 200 2 25 32 2.5

Deep 550 2 60 154 2.375

(Yorktown) 2 110 154 2.375
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TABLE 6-4

COMPARISON OF AREA Al GROUNDWATER ALTERNATIVES
CAMP ALLEN LANDFILL, NORFOLK, VIRGINIA

ALTERNATIVE AI-GWI ALTERNATIVE AI-GW2 ALTERNATIVE AI-GW3 ALTERNATIVE AI·GW4
NO ACTION") INSTITUfIONAL CONTROLS,I) CONTAINMENT AND CONTAINMENT AND

TREATMENT OF TREATMENT OF
GROUNDWATER EXCEEDING GROUNDWATER EXCEEDING

NONPOTABLE LEVELSl'l POTABLE LEVELS(%)

OVERALL PROTECTION TO IRJMAN HEALTH AND THE ENVIRONMENT

Would not conta in or treat Would not contain or treat Would contain and treat Would contain and treat
contaminated groundwater. contaminated groundwater. contaminated groundwater above contaminated groundwater above
Groundwater on site not currently Groundwater on site not currently nonpotable levels. Groundwater on potable levels . Groundwater on
used for any purpose. Off-site used for any purpose. Off-site site not currently used for any site not currently used for any
shallow ~roundwater used for shallow ~roundwaterused for purpose. Off-SIte shallow purpose. Off-site shallow
nonpotab e residential use. Off-site nonpotab e residential use. Off-site groundwater used for no~table groundwater used for no~table
deep groundwater used for deep groundwater used for residential use. Off-site eel' residential use. Off-site eel'
industrial use. Deeg groundwater industrial use. Dee~ groundwater groundwater used for industrial groundwater used for industrial
contaminati on woul continue to contamination wout continue to use. Deep groundwater use . If necessary in the future ,
migrate off site. Shallow migrate off site. Shallow contamination above potable levels institutional controls and provision
groundwater contamination does groundwater contamination does hut below nonpotable levels would of an alternate water supety would
not appear to be migrating off site. not appear to be migating off site. continue to miarate off site. prevent /,fetable use and imit

If necessary in the ture, Shallow groun water contamination nonpota Ie use of contaminated
institutional controls and provis ion does not appear to be mif:ting off groundwater.
of an alternate water supfily would site. If necessary in the ture,
prevent g0table use and imit institutional controls and provision
nonpota Ie use of contaminated of an alternate water supfily would
groundwater. prevent /,fetable use and imit

nonpota Ie use of contaminated
zroiindwater,

COMPLIANCE WITH ARARS

Shallow and deep contaminated Shallow and deep contaminated Sballow and deep contaminated Shallow and deep contaminated
~roundwater exceeds State and ~roundwater exceeds State and ~roundwater exceeds State and ~roundwater exceeds State and

ederal MCLs. Both aquifers, ederal MCLs. Both aquifers, ederal MCLs. Both aquifers, ederal MCLs. Both aquifers,
however, are not currently used for however, are not currently used for however, are not currently used for however, are not currently used for
drinking water purposes. drinking water purposes. drinking water purposes. Extracted drinkinlv water pUllllses.

groundwater ana alLemi~ions Groun water woul be contained
would comp~h iInOcill , State, and potentially restored to MCLs.
and federal s, Extracted groundwater and air

emissions would compl! with all
local State and federa ARARs.

().5 <JG<. '(a l~ e
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TABLE 6-4

COMPARISON OF AREA Al GROUNDWATER ALTERNATIVES
CAMP ALLEN LANDFILL, NORFOLK, VIRGINIA

ALTERNATIVE AI-GWI ALTERNATIVE AI-GW2 ALTERNATIVE AI-GW3 ALTERNATIVE AI-GW4
NO ACTION'l) INSTITUTIONAL CONTROLS") CONTAlNMENT AND CONTAlNMENT AND

TREATMENT OF TREATMENT OF
GROUNDWATER EXCEEDING GROUNDWATER EXCEEDING

NONPOTABLE LEVELSl'l POTABLE LEVELSl'l

LONG-TERM EFFECTIVENESS AND PERMANENCE

Risks would exceed acceptable Risks would exceed acceptable Risks would exceed acceptable Risks would exceed acceptable
levels if shallow and deep aquifers levels if shallow and deep aquifers levels if shallow and deep aquifers levels if shallow and deep aquifers
were used for potable use on site. were used for potable use on site. were used for potable use on site. were used for potable use on site.
Risks would not exceed acceptable Risks would not exceed acceptable Risks would not exceed acceptable Risks would not exceed acceptable
levels for on-site nonpotable use of levels for on-site nonpotable use of levels for on-site nonpotable use of levels for on-site nonpotable Useof
the deet a'luifer but would exceed the deet a'luifer but would exceed the deet a'luifer but would exceed the deet a'luifer but would exceed
accer.ta Ie evels for the shallow accer.ta Ie evels for the shallow accer.ta Ie evels for the shallow accer.ta Ie evels for the shallow
a~ui er. Currently no unacceptable ari er, Currently no unacceptable aqui er, Risks for on-site aqui er. Risks for on-site potable
of-site risks associated with of-site risks associated with nonpotable use would be within use would be within acceptable
nonpotable use of groundwater. nonpotable use of ~undwater. acceptable levels following levels following groundwater
PenOdicJ,roundwater monitorinF Potential future ris would be groundwater restoration. Currently restoration. Currently no
would e ectively track potentia mitigated through institutional no unacceptable off-site risks unacceptable off-site risks
contaminant migration. controls and alternate water supply. associated with nonpotable use of associated with nonpotable use of

Periodic ~roundwater monitorinf groundwater. Extraction system groundwater. Extraction system
would ef ectively track potentia should prevent off-site migration of should prevent off-site mi~ration of
contanunant migration . contanunation above nonp<?table contanunation above potab e levels.

levels. Potential future nsks would Potential future risks would be
be mitigated through institutional mitigated through institutional
controls and alternate water supply. controls and alternate water supply.
Periodic f,roundwater monitorinf Periodic f,roundwater monitoring
would ef ectively t,:"ck potentia would ef ectively track potential
contanunant mieration. contanunant mi~rahon.

REDUCTION OF TOXICITY MOBILITY OR VOLUME fTMVl THROUGH TREATMENT

No reduction in TMV through No reduction in TMV through Toxicity and volume reduced to Toxicity and volume reduced to
treatment. Possible reduction in treatment. Possible reduction in nonpotable levels through potable levels throu~h extraction
toxicity over time through dilution toxicity over time through dilution extraction and treatment. Mobility and treatment. Mo ility reduced
and dispersion. and dispersion. reduced throuzh extraction. throughextraction.



TABLE 6-4

COMPARISON OF AREA AI GROUNDWATER ALTERNATIVES
CAMP ALLEN LANDFILL, NORFOLK, VIRGINIA

ALTERNATIVE AI-GWI ALTERNATIVE Al·GW2 ALTERNATIVE AI-GW3 ALTERNATIVE AI-GW4
NO ACTION") INSTITUTIONAL CONTROLS(') CONTAINMENT AND CONTAINMENT AND

TREATMENT OF TREATMENT OF
GROUNDWATER EXCEEDING GROUNDWATER EXCEEDING

NONPOTABLE LEVEl$') POTABLE LEVELS(%)

SHORT-TERM EFFECTIVENESS

No risk to human health or No risk to human health or Air emissions from treatment Air emissions from treatment
environment during environment during system would be monitored to system would be monitored to
implementation. implementation. protect human health and the protect human health and the

environment. environment.

IMPLEMENTABILITY

Groundwater monitoring could be Groundwater monitoring could be Treatment system components are Treatment system components are
readily implemented. readily implemented. demonstrated and commercially demonstrated and commercially

available. available.

COST

Calital: $157,000 Cattal: $157,000 Calital: $1,394,000/$1,345,00<1') Cattal: $1,394,000/$1,345,00<1')
o M: $38,600 (years 1-10) o M: $38,600 (years 1-10) o M: $285,400 (yrs 1-10) o M: $28&400 (yrs 1-10)

$19,600~rs 1l.20~ $19,600~rs 1l-20~ $266,400 ~rs 11-20~ $266,4 ~rs 11-20~
10,100 ears 21-30 ~IO,IOO years 21-30 ~2560900 rs 21-30 J256C rs 21·30J2~tooo every 5 years) 2~~ every 5 years) 20, 00ie~ 5 yrs) 20, ie~ S yrs)

NPW: 634 NPW: 634 NPW: $566 1$561400<1') NPW: $566 rlS5 614 00<1"

(I) Alternative includes groundwater monitoring.
~I Alternative includes groundwater monitoring, institutional controls, and alternate water supply (if necessary in the future).
0) Subalternalive a1Subalternative b
O&M: Operation and maintenance.
NPW: Net present worth.
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TABLE 6-5

COMPARISON OF AREA A2 GROUNDWATER ALTERNATIVES
CAMP ALLEN LANDFILL, NORFOLK, VIRGINIA

ALTERNATIVE A2-GWl ALTERNATlVE A2-GW2 ALTERNATlVE A2-GW3 ALTERNATlVE A2-GW4
NO ACTION'" INSTITUTIONAL CONTROLS'" CONTAINMENT AND CONTAINMENT AND

TREATMENT OF TREATMENT OF
GROUNDWATER EXCEEDING GROUNDWATER EXCEEDING

NONPOTABLE LEVELS~' POTABLE LEVELS'"

OVERALL PROTECTION TO HUMAN HEALTH AND THE ENVIRONMENT

Would not conta in or treat Would not contain or treat Would contain and treat Would contain and treat
contaminated groundwater. contaminated groundwater. contaminated groundwater above contaminated groundwater above
Groundwater on site not currently Groundwater on site not currently nonpotable levels. Groundwater on potable levels. Groundwater on
used for any purpose. Off-site used for any purpose . Off-site site not currently used for any site not currently used for any
shallow groundwater used for shallow groundwater used for purpose. Off-site shallow purpose. Off-Site shallow
nonpotable residential use. Off-site nonpotable residential use. Off-site groundwater used for no~tahle groundwater used for no~tahle
deep groundwater used for deep groundwater used for residential use. Off-site eep residential use. Off-site eep
industrial use. Dee~ groundwater industrial use. Dee~ groundwater groundwater used for industrial groundwater used for industrial
contamination woul continue to contamination woul continue to use. Deep groundwater use. If necessary in the future,
migrate off site . Shallow migrate off site. Shallow contamination above potable levels institutional controls would prevent
groundwater contamination does groundwater contamination does but below nonpotable levels would potable use and limit nonpotable
not appear to be migrating off site. not appear to be mill:"ting off site. continue to IDla:te off site. use of contaminated groundwater.

If necessary in the ture, Shallow groun water contamination
institutional controls would prevent does not appear to be mi~ting off
potable use and limit nonpotable site. If necessary in the ture,
use of contaminated groundwater. institutional controls would prevent

potable use and limit nonpotable
use of contaminated 2roundwater.

COMPLIANCE WITH ARARS

Shallow and deep contaminated Shallow and deep contaminated Shallow and deep contaminated Shallow and deep contaminated
~roundwater exceeds State and ~roundwater exceeds State and ~roundwater exceeds State and ~roundwater exceeds State and

ederal MCLs. Both aquifers, ederal MCLs. Both aquifers , ederal MCLs. Both aquifers , ederal MCLs. Both aquifers,
however, are not currently used for however, are not currently used for however, are not currently used for however, are not currently used for
drinking water purposes. drinking water purposes. drinking water purposes. Extracted drinkinlv water pUl1i1ses.

groundwater ana air emissions Groun water woul be contained
would comp~ all local, State, and potentially restored to MCLs.
and federal s. Extracted groundwater and air

emissions would compl?,withaU
local State and federa ARARs.
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TABLE 6-5

COMPARISON OF AREA AZ GROUNDWATER ALTERNATIVES
CAMP ALLEN LANDFILL, NORFOLK, VIRGINIA

ALTERNATIVE AZ-GWI ALTERNATIVE AZ-GW2 ALTERNATIVE AZ-GW3 ALTERNATIVE AZ-GW4
NO ACTION'" INSTITUTIONAL CONTROLS") CONTAINMENT AND CONTAINMENT AND

TREATMENT OF TREATMENT OF
GROUNDWATER EXCEEDING GROUNDWATER EXCEEDING

NONPOTABLE LEVELS(2) POTABLE LEVELS(2)

LONG-TERM EFFECTIVENESS AND PERMANENCE

Risks would exceed acceptable Risks would exceed acceptable Risks would exceed acceptable Risks would exceed acceptable
levels if shallow and deep aquifers levels if shallow and deep aquifers levels if shallow and deep aquifers levels if shallow and deep aquifers
were used for potable use on site. were used for potable use on site. were used for potable use on site. were used for potable use on site.
Risks would not exceed acceptable Risks would not exceed acceptable Risks would not exceed acceptable Risks would not exceed acceptable
levels for on-site nonpotable use of levels for on-site nonpotable use of levels for on-site nonpotable use of levels for on-site nonpotable use of
the shallow and deep a£uifers. the shallow and deep a£uifers. the shallow and deep aquifers. the shallow and deep aquifers,
Currently no unaccepta Ie off-site Currently no unaccepta Ie off-site Risks for on-site nonpotable use Risks for on-site g;:table use would
risks associated witli nonpotable use risks associated witli nonpotable use would be within acceptable levels be within accepta Ie levels
of groundwater . Periodic of~roundwater. Potential future following groundwater restoration. following groundwater restoration.
groundwater monitoring would ris s would be mitigated through Currently no unacceptable off-site Currently no unacceptable off-site
effectively track potential institutional controls. Periodic risks associated willi nonpotable use risks associated willi nonpotable
contanunant migranon. groundwater monitoring would of groundwater. Extraction system use of groundwater. Extraction

effectively track potential should prevent off-site migration of system should prevent off-site
contanunant migration. contanunation above nonpotable migration of contamination above

levels. Potential future nsks would potable levels. Potential future
be mitigated through institutional risks would be mitigated through
controls. Periodic ~roundwater institutional controls. Periodic
monitoring would e fectively track groundwater monitoring would
potential contaminant migration. effectively track potential

contaminant miziation,

REDUCTION OF TOXICITY MOBILITY OR VOLUME lTMVl THROUGH TREATMENT

No reduction in TMV through No reduction in TMV through Toxicity and volume reduced to Toxicity and volume reduced to
treatment. Possible reduction in treatment. Possible reduction in nonpotable levels through potable levels throu~h extraction
toxicity over time through dilution toxicity over time through dilution extraction and treatment. Mobility and treatment. Mo ility reduced
and disoers ion. and dispersion, reduced throuah extract ion. throuzh extraction.

SHORT-TERM EFFECTIVENESS

No risk to human health or No risk to human health or Air emissions from treatment Air emissions from treatment
environment during environment during system would be monitored to system would be monitored to
implementation. implementation. pro~ect human health and the protect human health and the

environment. environment.
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TABLE 6-5

COMPARISON OF AREA AZ GROUNDWATER ALTERNATIVES
CAMP ALLEN LANDFILL, NORFOLK, VIRGINIA

ALTERNATIVE AZ-GWI ALTERNATIVE A2-GW2 ALTERNATIVE A2-GW3 ALTERNATIVE AZ-GW4
NO ACTION(') INSTITUTIONAL CONTROLS") CONTAINMENT AND CONTAINMENT AND

TREATMENT OF TREATMENT OF
GROUNDWATER EXCEEDING GROUNDWATER EXCEEDING

NONPOTABLE LEVELS~) POTABLE LEVELS~)

IMPLEMENTABILITY

Groundwater monitoring could be Groundwater monitoring could be Treatment system components are Treatment system components are
readily implemented. readily implemented. demonstrateil and commercially demonstrateil and commercially

available. available.

COST

C&ital: $157,000 C&ital: $157,000 C&ital: $1,508,000/$1,391 ,00<1') Calktl: $1,508 ,000/$1,391,00<1')o M: $38,600 (years 1-10) o M: $38,600 (years 1-10) o M: $324,000 (yrs 1-10) o : $324,000 (yrs 1-10)
$19,600 ~rs 11-2Ol $19,600~rs 11-2Ol ~305,8oo ~rs 11-2Ol ~305,8oo ~rs 11-2Ol
$10,100 ears 21-30 $10,100 years 21-30 296,300 rs 21-30 296,300 rs 21-30
$20,000 every 5 years) $20,000 every 5 years) $20,000ie~ 5 yrs~ $20,000ie~ 5 )'rs~

NPW: $634 NPW: $634 NPW: $6 38 /$6 26 00<1') NPW: $6 38 /$626 00<1')

(I ) Alternative includes groundwater monitoring.
(2) Alternative includes groundwater monitoring, institutional controls, and alternate water supply (if necessary in the future).
(3) Subalternative a/Subalternative b
O&M: Operation and maintenance.
NPW: Net present worth.



TABLE 6-6

COMPARISON OF AREA B GROUNDWATER ALTERNATIVES
CAMP ALLEN LANDFILL, NORFOLK, VIRGINIA

ALTERNATIVE B-GWI ALTERNATIVE B-GW2 ALTERNATIVE B-GW3 ALTERNATIVE B-GW4
NO ACTION!') iNSTITUTIONAL CONTAiNMENT AND CONTAiNMENT AND

CONTROLSm TREATMENT OF TREATMENT OF
GROUNDWATER EXCEEDiNG GROUNDWATER EXCEEDiNG

NONPOTABLE LEVELS~) POTABLE LEVELS(2)

OVERALL PROTECTION TO HUMAN HEALTH AND THE ENVIRONMENT

Would not contain or treat Would not contain or treat Would contain and treat Would contain and treat
contaminated groundwater, contaminated groundwater, contaminated groundwater above contaminated groundwater above
however, groundwater on site and however, groundwater on site and nonpotable levels. Contamination potable levels. Groundwater on site
immediately downgradient of immediately downgradient of above potable levels but below and immediately downgradient of
contamination is not currently used contamination is not currently used nonpotable levels would continue to contamination IS not currently used
for any purpose. for an~ purpose. Institutional migrate off site. Groundwater on for any purpose. If necessary in the

contro s would prevent future site and immediately downgradient future, institutional controls would
potable use and limit nonpotable of contamination is not currently prevent &otable use and limit
use of contaminated groundwater. used for any purpose. If necessary nonpota Ie use of contaminated

in the future, institutional controls groundwater.
would prevent potable use and limit
nonpotable use of contaminated
zroundwater.

COMPLIANCE WITH ARARS

Shallow and deep contaminated Shallow and deep contaminated Shallow and deep contaminated Shallow and deep contaminated
~roundwater exceeds State and ~roundwater exceeds State and ~roundwater exceeds State and ~roundwater exceeds State and

ederal MCLs. Both aquifers, ederal MCLs. Both aquifers, ederal MCLs. Both aquifers, ederal MCLs. Both aquifers,
however, are not currently used however, are not currently used however, are not currently used for however, are not currently used for
for drinking water purposes. for drinking water purposes. drinking water purposes. Extracted drinkin!v water pUm'lses.

groundwater and air emissions Groun water woul be contained
would comply with all local, State, and potentially restored to MCLs.
and federal ARARs. Extracted groundwater and air

emissions would complewith all
local State. and federa ARARs.



TABLE 6-6

COMPARISON OF AREA B GROUNDWATER ALTERNATIVES
CAMP ALLEN LANDFILL, NORFOLK, VIRGINIA

ALTERNATIVE B-GWI ALTERNATIVE B-GW2 ALTERNATIVE B-GW3 ALTERNATIVE B-GW4
NO ACTION!l) iNSTITUTIONAL CONTAiNMENT AND CONTAiNMENT AND

CONTROLS!I) TREATMENT OF TREATMENT OF
GROUNDWATER EXCEEDiNG GROUNDWATER EXCEEDiNG

NONPOTABLE LEVELSl'l POTABLE LEVELSl'l

LONG-TERM EFFECTIVENESS AND PERMANENCE

Risks would exceed acceptable Risks would exceed acceptable Risks would exceed acceptable Risks would exceed acceptable
levels if shallow or deep aquifers levels if shallow or deep aquifers levels if shallow and deep aquifers levels if shallow and deep aquifers
were used for potable use on site . were used for potable use on site. were used for potable use on site. were used for potable use on site.
Risks would not exceed acceptable Risks would not exceed acceptable Risks would not exceed acceptable Risks would not exceed acceptable
levels for on-site no~table use of levels for on-site nonpotable use of levels for on-site nonpotable use of levels for on-site nonpotable use of
both a~uifers. Peri ic both aquifers . Potential future both aquifers . Extraction system both aquifers. Risks for on-site
groun water monitoring would risks would be mitigated through should prevent off-site migration of potable use would be within
effectively track potential institutional controls. Periodic contanunation above nonpotable acceptable levels followin~
contaminant migration. groundwater monitoring would levels. Potential future nsks would groundwater restoration. xtraction

effectively track potential be mitigated through institutional system should prevent off-site
contaminant mig ration . controls. Periodic ~roundwater migration of contamination above

monitoring would e fectively track potable levels. Potential future
potential contaminant migration. risks would be mitigated through

institutional controls. Periodic
groundwater monitoring would
effectively track potential
contaminant misration.

REDUCTION OF TOXICITY MOBILITY OR VOLUME CTMVl THROUGH TREATMENT

No reduction in TMV through No reduction in TMV through Toxicity and volume reduced to . Toxicity and volume reduced to
treatment. Possible reduction in treatment. Possible reduction in nonpotable levels through extraction potable levels throu~h extraction
toxicity over time through dilution toxicity over time through dilution and treatment. Mobility reduced and treatment . Mo ility reduced
and dispersion. and dispersion. throneh extraction. throuzb extraction.

SHORT-TERM EFFECTIVENESS

No risk to human health or No risk to human health or Air emissions from treatment :Jstem Air emissions from treatment
environment during environment during would be treated and monitor to system would be treated and
implementation. implementation. protect human health and the monitored to prot ect human health

environment. and the environment.



TABLE 6-6

COMPARISON OF AREA B GROUNDWATER ALTERNATIVES
CAMP ALLEN LANDFILL, NORFOLK, VIRGINIA

ALTERNATIVE B-GWI / ALTERNATIVE B-GW2 ALTERNATIVE B-GW3 ALTERNATIVE B-GW4
NO ACTiON") iNSTITlITIONAL CONTAINMENT AND CONTAINMENT AND

CONTROLS'I) TREATMENT OF TREATMENT OF
GROUNDWATER EXCEEDiNG GROUNDWATER EXCEEDiNG

NONPOTABLE LEVELSP) POTABLE LEVELSCll

IMPLEMENTABILITY

Groundwater monitoring could be Groundwater monitoring could be Treatment system components are Treatment systemcomponents are
readily implemented. readily implemented. demonstrated and commercially demonstrated and commercially

available. available.

COST

Calital: $166,000 Caital: $166,000 Calital: $1,081,000/$1 ,084,000') Calital: $1,081,000/$1,084,000')
o M: $40,300 (years 1-10) o M: $40,300 (years 1-10) o M: $181,000 (years 1-10) o M: $181,000 (years 1-10)

$20,500 ~ears 11-20l fO,5oo ~ears 11-20l ~161,200 ~ears 11-20l ~161,2oo ~ears 11-20l
$10,600 ears 21-30 10,600 ears 21-30 151,300 ears 21-30 151,300 ears 21-30
$20,000 every 5 years) $20,000 every 5 years) $20,000 ~e~ 5 years60 $20,000~e~ 5 years600NPW: $660, 00 NPW: $660, 00 NPW: $3,73, /$3,741, (1') NPW: $3,73. /$3,741, I)

1Il Alternative includes groundwater monitoring.
(2) Alternative includes groundwater monitoring and institutional controls.
m Subalternative a/Subalternative b
O&M: Operation and maintenance.
NPW: Net present worth.
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Preferred Area Al Groundwater Alternative

• Alternative AI-GW3b: Containment and Treatment of Groundwater
Exceeding Nonpotable Cleanup Levels Using IWTP,
Institutional Controls, Monitoring,
and Alternate Water Supply

Contingency Area Al Groundwater Alternative

• Alternative AI-GW3a: Containment and On-site Treatment of
Groundwater Exceeding Nonpotable Cleanup Levels,
Institutional Controls, Monitoring, and Alternate
Water Supply
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Rationale for Preferred Area Al Groundwater
Alternative

• Containment and treatment of groundwater exceeding nonpotable
cleanup levels would protect off-Base groundwater for its current and
future nonpotable use.

• Use of the IWTP to treat contaminated groundwater, if feasible, would
be more cost-effective than constructing a new groundwater treatment
system on site.

• Institutional controls would prevent nonpotable use of contaminated
groundwater on-Base.



Rationale for Preferred Area Al Groundwater
Alternative
(continued)

__e--T7 Provision of an alternate water supply, if necessary, would prevent
nonpotable use of contaminated groundwater off-Base.

e Groundwater monitoring would enable contaminant migration and the
effectiveness of the groundwater containment system to be routinely
evaluated.
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Preferred Area A2 Groundwater Alternative

• Alternative A2-GW2: Institutional Controls and Monitoring



Rationale for Preferred Area A2 Groundwater
Alternative

• Groundwater contamination in Area A2 is not migrating off Base.

• Institutional controls would prevent nonpotable use of contaminated
groundwater on Base.

• _Groundwater monitoring would enable contaminant migration to be
routinely evaluated.
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Preferred Area B Groundwater Alternative

• Alternative B-GW3b: Containment and Treatment of Groundwater
Exceeding Nonpotable Cleanup Levels Using IWTP ,
Institutional Controls and Monitoring

Contingency Area B Groundwater Alternative

• Alternative B-GW3a: Containment and On-site Treatment of
Groundwater Exceeding Nonpotable Cleanup Levels,
Institutional Controls and Monitoring



Rationale for Preferred Area B Groundwater
Alternative

• Containment and treatment of groundwater exceeding nonpotable
cleanup levels would prevent shallow contaminated groundwater from
migrating towards the Camp Allen Elementary School and Capehart
Housing Area and would prevent deep contaminated groundwater from
migrating towards the Area A Landfill.

• Use of the IWTP to treat contaminated groundwater, if feasible, would
be more cost-effective than constructing a new groundwater treatment
system on site.



Rationale for Preferred Area B Groundwater
Alternative
(continued)

• Institutional controls would prevent nonpotable use of contaminated
groundwater on Base.

• Groundwater monitoring would enable contaminant migration and the
effectiveness of the groundwater containment system to be routinely
evaluated.



Remedial Action Objectives - Soil

1. Prevent exposure to potential contaminants within subsurface soils and
debris

2. Minimize movement of potential contaminants from subsurface soils and
debris to groundwater and surface water



TABLE 3-2
SUMMARY OF SOIL TECHNOLOGY EVALUATION AND SCREENING

CAMPALLEN LANDFILL, NORFOLK, VIRGINIA
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General Response Remedial Process Option Screening Summary

Actions Technology

No Action None NotApplicable Retain for further consideration.

Institutional Access Restriction Fencing Retain for furtherconsideration.

Controls Land Use Controls Base MasterPlan Retainfor further consideration.

DeedRestrictions Retain for further consideration.

Containment Capping ClayCap Eliminateas a representative processoptionin FS. Retainfor possible

detaileddesignconsideration.

Synthetic Membrane Retain as a representativeprocessoption.

Composite Cap Retain as a representative processoption.

AsphaltCap Retain as a representative process option.

VerticalBarriers SlnrryWall Eliminate fromfurtherconsideration. Not implementable under site

conditions.

Sheet Piling Eliminatefrom furtherconsideration. Not implementable under site

conditions.

RemovallDisposal Excavation Conventional Excavation Retain for further consideration.

IEquipment

Off-Site Disposal RCRA Hazardous Retain for furtherconsideration.

WasteLandfill

Solid WasteLandfill Eliminatefromfurtherconsideration. Solid waste landfillswouldnot accept

soils contaminated with chlorinated contaminants of concern.

RemovaV Excavation Conventional Excavation Retain for furtherconsideration.

TreatmenVDisposal Equipment

Physical Treatment SoilWashing Eliminate fromfurtherconsideration. Effectiveness not well-proven in the field.

More difficult to implementand more costly than low temperature thermal

treatment.
..



TABLE 3-2
SUMMARY OF SOILTECHNOLOGY EVALUATION ANDSCREENING

CAMPALLEN LANDFILL, NORFOLK, VIRGINIA

General Response Remedial Process Option Screening Summary

Actions Technology

RemovaV Biological Treatment LandTreatment Eliminate from furtherconsideration. Effectiveness notwen-proven. Not

TreatmentlDisposal (Aerobic) commerciallv available at this time.

(continued) Composting Eliminate from further consideration. Effectiveness notwell-proven. Not

(Aerobic) commercially available at this time.

Thermal Incineration Retainfor further consideration.

difficult and costlv to implement thanlowtemperature thermaltreatment.

Vitrification Eliminate from further consideration. Notwellproven in the field. More

difficult andcostlv to implement thanlowtemperature thermal treatment.

LowTemperature Retainfor furtherconsideration.

Thermal Treatment

Off-SiteTreatment Bioremediation Cell Eliminate from furtherconsideration. Effectiveness notwell-proven. Not

Facility commerciallyavailable at this time.

Incineration Retain for further consideration.

InSitu Treatment Biological Treatment Aerobic Bioremediation Eliminate from further consideration. Effectiveness not well-proven. Not

commerciallyavailable at this time.

PhysicnlTrcntmcnt Soil Vapor Extraction Retain for further consideration.

SoilFlushing Eliminate from further consideration. Notwell-proven in the field . More

difficult and costly to implement than vaporextraction.

Thermal Treatment InSitu Vitrification Eliminate from further consideration. Notwell-proven in the field. More

difficult and costlyto implement thanvapor extraction,

In Situ Heating Eliminate from further consideration. Notcommercially available. More

difficult and costly to implement thanvapor extraction.

2 on



TABLE 3-3

SUMMARY OF RETAINED SOIL TECHNOLOGIES
AND REPRESENTATIVE PROCESS OPTIONS

CAMP ALLEN LANDFILL, NORFOLK, VIRGINIA

GENERAL RESPONSE TECHNOLOGY REPRESENTATIVE PROCESS
ACTION OPTION

No Action None None

Institutional Controls Access Restrictions Fencing

Land Use Control Base Master Plan, Deed
Restrictions

Containment Capping Geosynthetic Cap! Asphalt Cap

RemovallDisposal Excavation Conventional Equipment

Off-site Disposal RCRA Hazardous Waste Landfill

Removal/Treatment/ Disposal On-site Treatment Low Temperature Thermal

Off-site Treatment Incineration'"

In situ Treatment Physical Treatment Vapor Extraction

(\) For purposes of alternative development, incineration and low temperature thermal treatment were combined
into one "thermal treatment" alternative. A combination of these technologies could potentially be used for
treatment of the "hot spot" area depending on the types of waste materials identified (e.g ., contaminated soils ,
sludges, buried drums).

3-27



Area A Soil Alternatives

• Alternative A-SOl: No Action

• Alternative A-S02: Institutional Controls with Fencing

• Alternative A-S03: Asphalt/Geosynthetic Cap Over Brig Area with
Institutional Controls

• Alternative A-S04: Composite Cap Over Hot Spot Area with
Institutional Controls

• Alternative A-S05: In situ Treatment of Hot Spot Area Soils Using
Vapor Extraction (SVE) with Institutional Controls

• Alternative A-S06: Thermal Treatment of Hot Spot Area Soils with
Institutional Controls

• Alternative A-SO?: Disposal of Hot Spot Area Soils in Off-site
Hazardous Waste Landfill with Institutional Controls



Area B Soil Alternatives

• Alternative B-SOl: No Action

• Alternative B-S02: Institutional Controls with Fencing )
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FIGURE 4-1
PROPOSED FENCE LOCATIONS

AREAS A AND 8
CAMP ALLEN LANDFILL

NORFOLK NAVAL BASE
NORFOLK, VIRGINIA
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FIGURE 4-2
PROPOSED ASPHALT CAP LOCATION

ALTERNATIVE A-S03
AREA A

CAMP ALLEN LANDFILL
NORFOLK NAVAL BASE

NORFOLK. VIRGINIA
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2" SURFACE COURSE
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FIGURE 4-3
ASPHALT CAP CROSS SECTION

ALTERNATIVE A-S03
CAMP ALLEN LANDFILL
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NORFOLK, VIRGI NIA
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FIGURE 4-4
COMPOSITE COVER CROSS-SECTION

ALTERNATIVE A-S04
CAMP ALLEN LANDFILL

NORFOLK NAVAL BASE
NORFOLK, VIRGINIA
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TEMPORARY ASPHALT CAP
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FIGURE 4-5
IN SITU VAPOR EXTRACTION

ALTERNATIVE A-S05
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FIGURE 4-6
ONSITE LOW TEMPERATURE THERMAL TREATMENT

ALTERNATIVE A-S06
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TABLES-I

COMPARISON OF AREA A SOIL ALTERNATIVES
CAMI' ALLEN LANDFILL, NORFOLK, VIIlGINIA

ALTERNATIVE ALTERNATIVE ALTERNATIVE ALTERNATIVE ALTERNATIVE ALTERNATIVE ALTERNATIVE
A-SOl A-S02 A-S03 A-S04 A-SOS A·S06 A-$07

NO ACTION INSTITUTIONAL ASPHALTI COMPOSITE CAP OVER VAPOR TIIERMAL OFF-SITE DIS/'OSAI.
CONTROLSAND GEOSVNTIIETIC CAP nOT SPOT AREAS'" EXTRACTION OF HOT TIlEATMENT OF OF HOT SPOT

FENCING OVER BRIG AREA"' SPOT AREAS''' HOT SPOT AREAS''' AREASII

OVERALL PROTECTION TO HUMAN HEALTH AND THE ENVIRONMENT

No unaeccftAb16 rhb (rom No unacce~tab16 riab (rom No unacce~Lable rilb from No unaccc~table rbb from No unacce~table risk, from No unacceptable ri l b No unacceptab le risb
surface eel • for industrial surface soi • for Industrial . urface sol • (or indultrial lurface.lOi • (or indultrial eurfeee eel I (or indul lri.1 (rom lurface loila for from lurface loil. for
use, Marr.inal ri.t from UN . MIllina l ri.k from use, Mattinal risk. from Ute. Maq:inal risk from use. Mar. inalrisk from industrialuse, Mar.c:inal industrial use. Ml r~in.1
.un. e. 1011. for retld.ntiat lu rface tod, (or A1turo lurface IOdl for future .urf.ee lOll, for fUture .urrlco lad. for future rilt from lurfaco loda rilk from lu rfaca . 0111
use, Potential rhb from re. idential use, Potontlal rc. ldentiat u.o. Potential rc. tdentJal use, Potential fe. ldentla) u.e. Potent ial for f\Jture re. ldcntial for future re. ldentl. '
buried waste• . No risks from buried waste • • rilo from buried wastCi. ri.b from burled waite •• ri. b from buried was te•. use. Potential ri. b use. Potential n.b
add itional protection from Protection from direc t Protection from direct Protection from direct Protection from direct from bu ried wastes. from buried westes.
direct contact with potential conta ct provided by contact prov ided b~ contact provided ht contact provided bt Protection from direct Protection from direct
soil contamination. No add itional feneing and In. titutional contro • and institutional centro J and institut ional centre ._ contact provided bt contact provided bt
add itional protection of institutional control• . No eep . Partial protection of eep. Partia l prctectlcn of Protect ion of groundweter institutional ecn trc t. in.l itutional cen tro •.
ground water. add itional protection of grcundweter provided by groundwater prov ided br provided by in situ Protection of Protection of

groundwater. eep over Brig area . cap over hot Ipot area(lI • treatment of .ouree(,). ~roundwater pro vided ~rou ndw.ter by off-site
y e\(~i treatmen t of ispo,,!.

source s .

COMPLIANCE WITH ARARS

No coniaminent-, locetlcn- , No contaminant- or action- No contaml nant-speclf ic No ccntemi nant-specific No contamin ant-specific No contaminent -specific No contaminant-specific
o r action-spec ific ARARs. ~ecific ARARlI. ARARs. Cap desl~ned in ARARs . Cap desl~ned in ARARs. Air emissions ARARlI_ Air emissions MARs. Air emissions

n~incering cont rols used accordance with R RA and accordance wilh R RA and would be treated to comply would be treated to would be treated to
dun nl fence installation State solid waste State hazard ous waste with State air pollution comply with State air comply with State air
woul comply with State Rg ulations . regulations . standards. Any hazardous pollution standard . _ pollution lItandards_
and federa l wetland materials would be handle dl Any hazardOUllmaterials Any hazardous materials
regulations. diC'lU.,ed in accordance with wou ld be would be

R and State hazardous handle d/d isposed in handled/disposed in
waste regulations. accordance with RCRA accordance with RCRA

and Stale hazar dous and State hazardous
waste regu lations. waste reguletlons.

, . ' I .,<o v r -" , I 01 ......,,,,,, . )" .. 11 b.JXJ .. V '" U ~ ."..,

vl'l"+- ,rd ~s1r.J4..1



TABLES-!

COMPARISON OF AREA A SOIL ALTERNATIVES
CAMP ALLEN LANDFlLL, NORFOLK, VIRGINIA

ALTERNATIVE ALTERNATIVE ALTERNATIVE ALTERNATIVE ALTERNATIVE ALTERNATIVE ALTERNATIVE
A-SOl A-SOZ A-S03 A-S04 A-SOS A-S06 A-S07

NO ACTION INSTITUTIONAL ASPHALTI COMPOSITE CAPOVER VAPOR TIlERMAL OFF-SITE DISPOSAL
CONTROLS AND GEOSYNTHETIC CAP HOT SPOT AREAS(\) EXTRACTION OF HOT TREATMENT OF OF HOT SPOT

FENCING OVER BRIG AREA"' SPOT AREAS"' HOT SPOT AREAS"' AREAS"'

LONG-TERM EFFECTIVENESS AND PERMANENCE

No remedle l ectlon would Institutionalactions would Institutional actions would Institutional actionswould Institutional actionswould Institutional actions Institutional actions
be taken. No reduction in phys ically and administratively restrict administratively restrict administratively restrict would administratively would administratively
risk levels, however , risks administratively restrict t eces, to elte and limit access to aite and limit accesl to aite and limit restrict ICC CII to aite and restrict access to aite and
are acceptabl e under current access to aite and limit future aite use 10 future site use to future site use to limit future aite use to limit future aite use to
use, and site is not used for future .ite use to nonresidential use. Risks nonresidential use. Riskl nonresidential use. Riskl nonres idential use . nonresidential use.
residenti al use . No nonresidential use. Risks are acceptable under current are acceptable unde r current are acc~tabte under current Risks are acceptable R.iab are acceptable
additional protec tion of are acceptable under cu rrent use, and site ia not used for use. and site is not used for use, an lite is not used for under current use, and under current use. and
groundwater. use , and site is not used for residential use. Partial residential use. Partial residential use . Permanent site is not used for .ite i. not used for

residential use . No long-term protection of long-term protecti on of long-term protection of residential use. reeldentlel use .
additional protect ion of groundwater provided by groundwater provided br groundwater provided by in Perma nent long-term Permanent long-term
groundwater. cap over eot ential source cap over hot spot area 's . .itu treatment. protection of protection of

aren in Vicinity of Brig. ~roundwater provided ~roundw.ter provided
bv ex situ treatment. bV off-site disoosel.

REIlUCTION OF TOXICITY MOBILITY OR VOLUME ITMV! THROUGH TREATMENT

No reduction in TMV No reduction in TMV No reduction in TMV No reduction in TMV Reduction in TMV through Reduction in TMV No reduction in TMV
through treatme nt. Poeslble through treatment. Possible through treatment. Possible thro ugh treatment. Possible in situ vapo r extractio n throug h ex situ thermal through treatment.
reduction in TMV through reduction in TMV through reduction in TMV through reduct ion in TMV through treatment. Effective treat ment. Very Reduction in mobility
natural proceaeea. natural processes. natural proc eeaee. Panial natural proccssee. Pan ial removal of VOCe, &artiat effective removal of via disposal in secure

reduction in mobility reduction in mobility removal of semi-V c•. vees and effective off-site landfill.
throueh eeeel ne. throush eeeelee. removal of semi·VOC•.

SHORT-TERM EFFECTIVENESS

No ri'k to huma n health or No risk to human health or No ri, k to human health or No risk 10 huma n health or Potential risks to huma n Potential risks to huma n Potential risks to human
environment during environme nt during environm ent during environmen t during health and environment health and environment health and environment
implementation . implementation. implementation. implementation. during opera tlcn would be during opention would during excavatio n would

c:ontrolled by air emiuion be controlled by air be controlled by dust
treatment! monitoring. emission treatment! eontrcle . A~prox. 2
Seven ! years re1uired to monitoring. Approx.2 month. required to
achieve cleanup evele. months required to complete remediation.

comclete remediation.



TABLES·!

COMPARISON OF AREAA SOIL ALTERNATIVES
CAMPALLEN LANDFlLL, NORFOLK, VIRGINIA

ALTERNATIVE ALTERNATIVE ALTERNATIVE ALTERNATIVE ALTERNATIVE ALTERNATIVE ALTERNATIVE
A-SOl A·S02 A-S03 A-S04 A-SOS A-S06 A·S07

NO ACTION INSTITUTIONAL ASPHALTI COMPOSITE CAP OVER VAPOR THERMAL OFF-SITE DISPOSAL
CONTROLS AND GEOSYNTIIETIC CAP HOT SPOT AREAS''' EXTRACTION OF 1I0T TREATMENT OF OF HOT SPOT

FENCING OVERBRIG AREA'" SPOT AREAS'" 1I0T SPOTAREAS''' AREAS'''

IMPLEMENTABILITY

Readily implementable. Straight-forward installation Legal/administrative Legal administrative Administrative requirements Administrative Administrative
of fencing. Periodic requirements for requirements for for institutional controls . requirements for requirements for
ins~ection and maintenance institutional controls. institutional controls. Technologleademonstrated institutional controls. institutional controls.
of cneed required. Cappingtechnologies Capping technologies andcommercially available . Technologics Technologics
Legal/admlnlstretive demonstrated and demonstrated and Approx. 5-year operation of demonstrated and demonstrated and
requirements for commerciallyavailable. commercially available. treatment system. commercially available. commercially available.
institutional controls. Periodic inspectionand Periodic inspection and Trial runa maybe

maintenance of cap maintenance of cap re~Uired . Potential
required. required. pu lie oPiosition.

Approx. -month
operation of treatment
system.

COST

C:,ttal: SO C:tital: S161,000 C~ital : SI,274,ooo C~ital: S422 000 Czital: S3970&<>0 Capital: $1,096,000 C~;:;I: S3,294,000
o M: szo.ooo o M: $840 (annually) o M: $72,500 o M: S1 ,130 (armuelly) o M: S97,4 O&M: S20,000 o : S20,ooo
(ovw 5~e'06 szo.ooc (evW 5 years) sao.ooo ~ean 1-5) (evW 5 years) (evW 5 jear'J
NP : S 5,6 {ev~ 5 yea060 NP : $1,476,000 (evw; 5/se ars) 20,000 NP : S1,152,ooo NP : S ,34 ,000

NP : S230, NP : S 95,000 (epv/ 5t,e,06o
N : S 74

OJ Alternative includesInstitutional Controls
O&M: Operation andMaintenance
NPW: 3(f.year Net Present Worth
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Preferred Area A Soil Alternative

• Alternative A-SOS: In situ Treatment of Hot Spot Area Soils Using
Vapor Extraction with Institutional Controls

Contingency Area A Soil Alternatives

• Alternative A-S06: Thermal Treatment of Hot Spot Area Soils with
Institutional Controls

• Alternative A-SO?: Disposal of Hot Spot Area Soils in Off-site
Hazardous Waste Landfill with Institutional Controls

• Alternative A-S02: Institutional Controls with Fencing (if a source cannot
be identified)



Rationale for Alternative A-S05 Selection

• Institutional controls would protect human health by limiting site to
nonresidential uses.

• SVE would protect groundwater by permanently removing volatile organic
contaminants from the soil.

• SVE is more readily implementable than alternatives involving excavation
(A-S06 and A-S07).

• SVE is more cost-effective than Alternatives A-S06 and A-S07.
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Preferred Area B Soil Alternative

• Alternative B-S02: Institutional Controls with Fencing

Rationale for Preferred Area B Soil Alternative

• Fencing would protect human health by maintaining existing barriers to
restrict access to the Area BLandfill.

• Institutional controls would protect human health by limiting site to
nonresidential uses.



Remedial Action Objective - Sediment

1. Prevent exposure to potential contaminants within the sediments



Area A Sediment Alternatives

• Alternative A-SDl: No Action

• Alternative A-SD2: Institutional Controls with Fencing

Preferred Area A Sediment Alternative

• Alternative A-SD2: Institutional Controls with Fencing



Rationale for Preferred Area A Sediment
Alternative

• Fencing would protect human health by further restricting access to the
drainage ditches.

• Institutional controls would protect human health by limiting site to
nonresidential uses.



--------------

Area B Sediment Alternatives

• Alternative B-SDl: No Action

• Alternative B-SD2: Institutional Controls with Fencing

Preferred Area B Sediment Alternative

• Alternative B-SD2: Institutional Controls with Fencing



Rationale for Preferred Area B Sediment
Alternative

• Fencing would protect human health by further restricting access to the
drainage ditches.

• Institutional controls would protect human health by limiting site to
nonresidential uses .



PREDESIGN ACTIVITIES

• Areas A1/A2 Source Delineation

• Areas A1/A2/B Groundwater Confirmation Monitoring

• Areas A1/A2 Groundwater Pilot Tests

• Percolation Tests

• IWTP Engineering Analysis



PREDESIGN ACTIVITIES

• Areas Al /A2 Source Delineation

In situ sampling and on-site analysis of approximately
20 hydraulic drive points to further delineate extent of shallow
groundwater contamination in each area and help further define
potential source areas.

Installation and sampling of 12 test pits in each suspected
source area.



PREDESIGN ACTIVITIES
(continued)

• Areas AlIA2/B Groundwater Confirmation Monitoring

Installation and sampling of a total of II new shallow and
I I new deep wells .

Sampling of a total of 28 shallow and 24 deep existing
wells.



PREDESIGN ACTIVITIES
(continued)

• Areas Al /B Groundwater Pilot Tests

Performance of a total of four 3-day pilot tests
(Area Al shallow & deep aquifers, Area B shallow & deep
aquifers) to determine groundwater chemical and hydraulic
characteristics to support design efforts.



PREDESIGN ACTIVITIES
(continued)

• Percolation Tests

Performance of up to four percolation tests in potential
areas where treated groundwater could be reinfiltrated back
into the aquifer.
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IWTP ENGINEERING ANALYSIS

• Evaluate feasibility of using existing IWTP treatment system to treat
contaminated groundwater.

• Evaluate feasibility of using existing building adjacent to IWTP to
house a new groundwater treatment system.

• Evaluate feasibility of constructing pipeline to IWTP via both direct and
indirect routes.

• Evaluate groundwater discharge options of infiltration (onsite treatment
scenario) , discharge to surface water (onsite treatment and IWTP
scenarios) , and reuse scenario for NAS washracks.



TASK

RI/FS/RD PROJECT SUMMARY

START FINISH

• Finalize RI/FS Reports 10/93 11/93

• RAP/ROD Activities 1/94 6/94

• Remedial Design Work Plan 9/93 2/94
S ' ''',JJ ..\ ( ~ ' C' 4 1io \(y' /

• IWTP Engineering Analysis 10/93 _ Dk'" ,.J _ 1/94D':<'/1!>

• On-site Predesign Activities 11/93 12/93

• Sample Analysis/Validation 11/93 1/94

• Groundwater & Soil Remedial Designs 2/94 7/94
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